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Spelling of Place-names 

Note: - In preparing the text of this Volume, every effort has been made to use 
— the s^t spellings of place names. Where possible, those used in the 

UnJtenations mSp of Afghanistan (U.N. Map No. 279 Rev. 3, March I962) 

have been followed. 



QLOSSABI 



Afghani 9 takm for estlaating ptirpos^s in this 
report as eqLual to about 0.022 U.S.S. 

Soil material deposited by nater. 

Coarse sediment rolled dovn stream bed by 
flow of vater* 

The area from vhioh surfaoe f loirs are tributary 
to a rirer at any particular point* 

Detritus aooumulated at the foot of a steep 
slope. 

Storage capacity in a reservoir not available 
for effective usey nhioh may be because it is 
belov the outlet level or because it is silted 
upi or liable to siltationi etc. 

Tot ad area of lands vithin the outer limits of 
€ui irrigation scheme. 

Hectare - 10^000 aqL^netres. 

Soil condition developed vith excessive water. 

Unlined tunnel in hillside, bringing water by 
free flow from underground aoquifers for 
surface irrigation. Dug by local craftsmen 
from shafts at close intervals , they are small 
in dimensions but may be many Kilometres in 
length. 

1 Kilowatt - 1,000 Watts - 1.34 British 
horsepower. 

Litres per second. 1,000 Litres « 1 cubic metre. 

Fine sediment, in general deposited by wind. 

Cubic metres per second. 

Height (metres) above Mean Sea Level. 

Summer season of heavy rains. 

Area of lands within an irrigation scheme, on 
idiich crops can actually be grown, i.e. exclud- 
ing areas occupied by canals, drains, roads, 
villages, etc. (In this Report tentatively 
assumed at 0.88 of Gross Hectares, but this 
proportion may vary over a considerable range). 



Piedmont 



Land of moderate or gentle slope at the 
foot of a range. 



Plaoe Names 



Probability 



Sediment Disoharge 



There is no standard authority in Afghanistan 
in this matter. In the preparation of this 
Report I slightly different spellings of the 
same plaoe names hare been used in different 
▼olumesi and it has not been possible to make 
all these uniform. It is believed| however, 
that this vill not oause any oonfusion* 

The expression a **year of probability*' is 
disoussed in Volume III - Hydrology, Chapter 
3* In effeotf in this Report it is taken to 
mean a year suoh that its disoh€trge (whether 
mean, maximum or minimum) will probably be 
reaohed or exceeded in X years out of 1CX). 
For example, a year of 73^ probability is a 
low year, below the average; a year of 20^^ 
probability is a high year above the average* 

Amount of solid matter moved by the flow of 
a stream or river. 



Sierozem 



Solonohak 



Speoifio Index 



Suspended Locui 



Gray desert soil overlying calcareous layer. 

Saline soil, without stzucture. 

Quantity per Unit of Area, e.g. Run-off in 
L/sec/hectare or Cost or Value in Afg/hectare. 

Finer sediment carried in suspension by flow 
of water in stream. 



Talus 



Detritus accumulated at the foot of a steep 
slope. 



Ton 

V.I. 
Vadi 



Water Control Coefficient 



In this Report is Metric Ton of 1 ,000 Kilo- 
grammes. 

Vertical interval between contours. 

Stream course, small or large, normally dry 
tut subject to flows which may be sudden, 
large, fast, and laden with silt and debris. 

Ratio of net effective storage capacity of a 
reservoir to the amount of the annual flow 
reaching it. 



Watershed 



The line of higher ground forming the boundary 
between two adjacent catchments. 
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1, Inoeption of the Projeot . In I960 the Boyal Government of Af^anistan asked for 
th9 help of the United Katlons Special ilind In Inveetieatlncr the potentialities for 
Improvement and development, particularly under irrigatiLony of the lands in the 
valleys of certain rivers in the western and northern parts of the country. The 
Special Fund accepted this request, and asked the Food and Agriculture Organization 
to he the Executing Agency* ^e Flan of Operations was signed hy the three parties 
on 29 June i960, and wozk was started in SeptenlMr I960, Siueitig the course of the 
1103^ tho Plan of Operations was nodlfied in certain respects; its final MW i dsA font 
was signed on 19 June 1965} a oopgr of thits is attached as Appendix 1. 

2. Purpose emd Scope of the Project . The main purpose of the Project was to os^rry 
out preliminary investigations of the water and land resooroes in the basins 6t 
seleoted river systems, and to furnish infoxnatlon as to thslr potentialities in tte 
gensxal and agrioultiugdi^volopment of ths oountxy. 

The Project stipulated collection of necessary data on the relative land and 
water potentials on the hasls of reoonnaissanoe surveys, to be used later as the 
foundation for further, nore detailed investigations, research and design for the 
preparation of specific proposals for the development of land and water use. In its 
final form the Project embraoed surveys of land and water resources in the basins of 
the following riversi 

1) Hazi Bud and (2) Farah Bad, both situated in the western portion of -^e 
oountry* 

3) Kabul Biver with its upper tributaries (Gborband, Panjshir, Shakar Dara, 
Bala Kaidan and Loger) down to the gorge of 3azobl| situated, in the 
•astan part of t^ country* . -^^-^^--^'^^ ir-^^ 

4) Khaph Bud and the Bakwa valley, in the south western part of the country* 



3) Gbasnl and labar filTarSy as wall as tha Xaiawas asMNty oantered on the 
rillmm ^ )Kaai Kwah, in tha southern part of the oountrgr* 

6) Adraakand Biver, lying to the south of the HaffiBud. ,^ 
(See Map No. l) * 



Hhasa auomgrs vara oarriad out on the following general linsiiis 



1) Classification of lands by soil types and grades of suitability, with 

a view to using them, mednly, for the development of irrigated agriculture} 

2) Appralaal of tha water potaotial of tha rlTsraf 

3) Topographical and preliminary geological surveys of potential storage 
sites and areas for accumulating flood waters, with a flaw ^ a batter 
water aontroli ^ 

4) Qeneral appraisal of powar-prodaoing possibilities) 

5) Qeneral description of the existing land use, and proposals as to the 
future land usej 
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6) Study of the existing irrigation systems in the Herat valley, with a 
view to preparation of a preliminary design for their reoonstruotion 
and improvement of their operation; 

7) Preparation of a preliminary soheme for water control within the 
river basins* 

The implementation of thid Project as revised was scheduled to take 3 l/2 years, 
from September I960 to February 1964* 

3, Project Personnel and Equipment * As Executing Agency, PAO recruited an 
international team for this Project, including representatives of the following 
countries^ Canada, France, India, Netherlands, U»K«, U.S.A. ^ U.S*S*R* Olhe names 
with the dates of time spent on the Project, are given below* 



TABLE 1 
INTEBNAaaONAL STAFF 

No# Post and Field Name Nationality Period of Work on 

of Work (Country of Project 
____ Origin) Started Ended 



1. 


Project Manager- 
Water Development 
Engineer 


H* Caspctr 


2. 


Project Manager- 
Water Development 
Engineer 


N.D* 


Tkachev 


3. 


HydrologLst 




Goliatin 


4* 


Hydrologist 


A.P. 


Jidikov 


5. 


Hydrometrist 


A«L« 


Boyko 


6. 


Hydrometrist 


P*M. 


Abrosimov 


7* 


Survey Engineer 


A«B« 


Pallister 


8. 


Survey Engineer 


P# Leggiadro 


9* 


Senior Engineer G«£« 
(A/Project Manager) 


Meade 


10. 


Irrigation Survey 
Engineer 


I#P# 


iksakovsky 


11* 


Soil Surveyor 


V.S. 


Subramania] 


12. 


Soil Surveyor 




Nassyrov 


13* 


Engineering 
Geologist 




Auden 



France 28.8.60 6.11.61 

USSH 25.5.62 31.3.64 

USSR 9.9.60 30.9.62 

USSR 20.11.62 31.3.64 

USSR 28.9.60 14.3.63 

USSR 21.3.63 31.10.63 

Canada 16.9.60 31.3.64 

Canada 25.3.61 28.2.63 

U.K. 1.1.61 31.7.62 

(6.11.61) (25.5.62) 

USSR 11.11.62 31.3.64 

India 5.12.60 25.1.63 

USSR 14.1.61 31.10.63 

U.K. 30.8,60 31.3.64 
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No» Post and Field 
of Work 



Uame 



Nationality 
(Country of 
Origin) 



Period of Work on 
Project 



Started 



Ended 



14. Soil Caiemist 



15< 



Soil Chemist 



16* Sam Designing 
Engineer 

17« Dam Designing 
Engineer 



K*IT« Satyapal 
H»G« Menon 



G«N» Eremeev 



18 • Land Use Planning O.T. Osgood 
Expert 

19. Administrative Off. V.E. Zelenko 
Officer 

20. Associate Survey J« idjsdijk 
Expert 



India 
India 



A«A»KhojaF-Einatov USSB 



USSR 



U.S.A. 



USSR 



Netherlands 



15#9*6l 
10.10.61 
10. 1.63 



25* 9.63 



21. 3.62 



20.10.62 



20.12.60 



30.11.63 
18. 4.63 
23. 6.63 



31. 3*64 



28. 5.62 



31. 3.64 



6. 6.63 



Government counterpart staff included a hydraulic engineer^ as Connanager of 
the project, and some fifty other teohnicianS| drivers, clerks etc. (see list in 
Appendix II ). At the start of the Project the official co-operating Agency was the 
Ministry of Agriculture, and from June 1963* till the end of the Project, the Af^an 
Land and Water Survey Authority. The Government also provided office and laboratory 
facilities, tools and camp equipment, stationery and office equipment etc., wd met 
certain local operating costs. 

The main field transport included ten Russian jeep-type vehicles, five Willys Jeeps, 
and three Russian and one Dodge trucks* For use mainly in Kalsul the team had three 
station wagons and one saloon oax. 



Althou^ the majority of the vehicles were used under ve3?y hard conditions of 
wear and tear for 3-3# years, (on comparatively unmotorahle roads, and. often a 
complete lack of themj, the cars were maintained in good working order and there were 
hut few cases of delays in field operations due to shoirtages or lengthy repairs of 
the treuisport fleet. 

However, as experience has shown, it would he wise in the future to ensure the 
services of qualified mechanics to supervise the maintenance of the vehicles bb well 
as to have constantly in stock the minimum of spare parts for every make of the 
vehicles available. 

All necessary tools and equipment for the various technical operations were 
readily available throu^out the duration of the Project; this was facilitated 
by satisfactory liaison between the Project staff and the FAD Headquarters Division 
concerned. 

The Project team, including both the international experts and their counter- 
parts, were accomodated in double-storey offices speci€J.ly rented for the purpose 
in Kabul. Only the soil chemists were outside these premises, in the laboratories 
of the Ministry of Agriculture. 
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4. Brief History of the Project s The original Plan of Operations, signed on 
29 June I960, provided for:- 

(i) Studies of Land and Water Resouroesj 
(ii) Estahlishment of an experimental agricultural station. 

For various reasons the Projeot for an agricultural station was cancelled after some 
initial expenditure had been incurred on it* HoweVer, the need for such a station 
remains great if irrigated agriculture is to be properly developed. 

The studies of land cmd water resources were originally specified to be done in 
the basins of the Kokcha and Kundualdvers in the northern part of the country, and 
of the Hari Rud and Peirah Hud in the west. Woik began in the basins of the Hari Bud 
and Parah Hud according to plan. When these were finished, early in 1962, the intention 
was yo start surveys in the Kokcha and Kunduz Rivers. However, in March 1962 the 
Cooperating Agency (then the Ministry of Agriculture) requested that the proposed 
woik in the Kokcha and Kunduz valleys, where the Government was carrying on independent 
activities (with the help of PAO/liiPajA experts and bilateral aid), should be excluded 
from the Plan of Operations and replaced by surveys in the upper part of the Kabul 
basin (down to the gorge of Sarobi)} in the Gbazni and Nahar basins, and the 
Katawaz area, in (Siazni Province, and in the Adretskand basin in the west. 

The Revised Plan of Operations was agreed upon in principle in June 1962, 
between the PAO Special Fund and the Af^€ui Ministry of Agriculture, as a basis for 
continuation of the Project Team surveys in the €treas indicated above. 

It was formally signed on 19 June 1963 in Kabul. Originally, the period of the 
Project had been fixed for 3 years (from September i960 till August 1963), but because 
of the above changes the Special Fund a^eed to the PAD suggestion to extend the period 
of action to 3 l/2 years. 

In May 1963 the Oovemment established the Land and Water Survey Authority, 
directly under the Cabinet, and designated this body the Government's coordinating 
agency for the surveys carried out by the Project, releasing from these duties the 
Ministry of Agriculture. 

Contact with the Project on the part of PAO was maintained by field visits of 
officers from headquarters, the operational planning and supervision being done by 
the P3?oject Manager in collaboration with his Af^an Co-Manager. 

In planning the programme of work, it was appreciated that the first necessity 
was the collection of the principal geographical data on the arecis to be surveyed, 
by means of topographical surveys, hydrological observations, and soil and geological 
surveys. To make the best use of the time available, it was also necessary to 
concentrate on those ajreas which offered the best prospects for development and could 
lead to the most positive results. Priorities in surveying the various basins were 
allotted on this basis. 

Much difficulty was caused by the shortage of suitable contour maps for areas to 
be surveyed, quite indispensable for preliminary studies before field trips start, 
particularly in the sphere of preparing sketch plans for land irrigation and of 
carrying out topo-surveys of reservoir damsite areas. Availability of such maps could 
have considerably reduced the time spent by the experts, and would have contributed 
to a better solution of the problems arising from the very start of the Project. 
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Such maps are also needed, on a scale of 1:100,000, in preparing the technical sketches 
of hlocks for irrigation purposes, for locating the intake and determining the 
conditions for conveying irrigation water and thus for determining the two main indices 
- the technical feasibility and the economical justification of irrigation developments 
(See Note below). 

Such sketches could easily be prepared for the valleys of the Farah Eud and Hari 
Rud, for wl^ich areas It 50,000 topo-^aps were available. !IIhe absence of any topo- 
contour maps .for the Kabul basin, where considerable areas of unused irrigable lands 
were discovered, restricted the results of the Project to provLding partly complete 
descriptions of the soils, and to deteimining the availability of surface waters in 
the areas surveyed; that is, tlie la3:id and water resources were established. The 
sketch design for irrigation development in this basin, however, could only be given 
in a very preliminary form. (See Chapter 23). 

Oxie great advantage was the availability for all the areas under survey of aerial 
photographs, mainly at a scale of 1:60,000 - 1:70,000, and for a great part of the 
area, 1:25,000. These were particularly useful to the topography group of the Project, 
enabling them to study areas being visited on field trips, in advance. 
( NOGJii): !Ehe Geological Survey of Af^anistan already has at its disposal completed 
topographical contour maps at 1:100,000 scale, of the northern part of the 
country, but only advance copies of this series are available for the central, 
southern and western re^onsj as noted above, no such maps exist for the 
area of the Kabul basin with which the project was concerned. 

'fhe aerial photography of the northern parts of the country was carried out by 
the State Administration of Geodesy and Cartography of the USSR, the central 
and southern regions being covered by the Fairchild Co., of U.S.A.). 



5« Organization of Field Work > Each group of experts had its own programme of 
work, and, as a rule, was independent in its operations. I^henever needed, the Project 
Manager coordinated the relationship among the various surveys. 

However, a considerable portion of the field work of the topographical and 
geological groups was carried out jointly, which was advantageous in every respect, 
and particularly helped in the selection of area3 for reservoir damsite surveys. 

In organizing field surveys, climatic conditions were always taken into consider- 
ation. As a rule, office processing work was planned for the hottest months and was 
to be conducted in Kabul. However, this could not always be done for lack of time 
and the necessity of securing data for particular parts of the work. 

In the hydj?ometrial work, it was necessary, first to select gauging sites, provide 
them with equipment, to recruit and train observers, and then to ensure continuous 
observations and their regular recording. 

Sites for gau^ng stations were chosen to be near the proposed storage damsites 
and to be convenient for hydrometrio measurements and observations. This meant that 
some gauging stations were set up in localities to which access by vehicle was not 
possible throu^out the year. 

Altogether, the Team established 11 gauging stations, data from which were used 
for the Project. Measurements and observations at these stations are being continued 
by the Land and Water Survey Authority. 
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A characteristic of the field woik was the sense of co-operation autid mutual 
support between tean members, notwithstanding differences in nationailtyi age, and 
status, and the very considerable hardships encountered in the field. Members of 
the topographical and geological teams especially often had to cover considerable 
distances — up to 50 Km* ~ on foot in very inacessible and rugged areas. 

It was often a problem to find labourers to work in such conditions. The only 
means of transportation to bring tools and equipment for work in such localities, as 
well as the camping equipment, was a caravan of camels, and it was often a problem to 
find any of these. 

Surveys in such areas took a considerable time, and were in some cases a downridit 
waste. This time could have been considerably reduced and this work would have 
involved less effort, if the a?eam had had a helicopter at their disposal. 

Gaining . A very satisfactory feature of the project was the co-operation with, 
and training of, the Af^an counterpart staff. Ckninterparts were assigned to each 
expert for specialized training in field and office work. OMs aimed at the 
continuation of the surveys and at the development of a soirvey programme for the 
whole country, beyond the scope of this Project, by national personnel trained for 
the purpose. In particular, Afg^ian specialists are now independently conducting all 
types of hydrometric measurements and other work at gauging stations established and 
equipped with the help of the Project on the Hari Bud, Kawgan, Adraskand, Hud-i— Gbaz, 
Farah Itud, Malmand and Logar rivers. A group of soil scientists was trained, \diich 
is now capable of making independent field soil surveys, preparing soil maps and 
classifying lands. Some Af^^an specialists were trained also for independent work 
in topography and levelling. Two Af^an specialists received good experience of 
visu€tl geological reconnaissance in the field. 

Three Af ^an specialists received training under Fellowships, two in hydrology 
for 2 years each, in U.S.A., and one in soil survey by interpretation of air 
photographs, for 1 year in Hollands 

7. Cost of the Project . In aooordance with the programme of wo:dc, the total cost 
of the Project was estimated at tl068.2 thousand. Out of the totals 

1} Special Fund allocation - $716«9 thousand, or 67%| 

2) Government Counterpart Contribution - $351 • 3 thousand, or 339^» 

The budgetary expenditure for the Special Fund Allocation and the Government's 
payment towards local operating costs ($52.6 thousand), deposited on the Special 
Fund's account in Kabul, is divided into the following oategoriesi- 

1) Experts' services (salaries, installation allowance, dally subsistence, 
etc. - $560.75 thousand, or 70?^5 

2) Equipment and supplies - $141 • 2 thousand, or IbJ^j 

3) Fellowships - $27.0 thousand, or 

4) Miscellaneous expenses, including Executing Agency Costs - $70.6 thous€uid, 
or 9}^. 

More detailed information concerning the personnel, equixment and supplies pro- 
vided for by the Special Fund and the Af^an Government is ^ven in the revised Plan 
of Operations, attached as Appendix 1. 
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Slnoe the inoeption of the Projeot, $40«3 thousand haire heen spent purohasin^ 
vehioles, and another $16 thousand have heen spent in keeping them in good working 
shape, that is for repairS| replaoements and malntenanoe« 

6. Acknowledgements , All the members of the Project Team who were engaged in the 
land and water resources survey owe their gratitude to all agencies and individual 
officials belonging to the Government organization or otherwise, for their help and 
cooperation* Their assistance in carrying out surveys and the collection of initial 
data, and their professiozial advice, based on their better xmderstandlng of the local 
conditions, undoubtedly had a favourable bearing on the development and finalization 
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Thaxdcs axe due to llr. G« Adalat, the Minister of Agriculture at the start of 
the Project, as well as to the present Minister, Dr* M« Keshawarz, and especicdly 
hi^ appreciation to Mr« M«A«A« Heza, President of the Land and Water Hesouroes 
Survey Authority, and to all his staff, for their cooperation and neVer-f ailing 
assistance in the Project's activities* 

Below follows a list of agencies and individual persons who were always ready 
to share their experience and knowledge, and were thus vBry helpful in the execution 
of the Project: 

Cartography Department of the Geological Survey of Afgjianistan 
(Messrs* I* Yakoubi and E* Dahle)| 

Department of Natural Resources, Ministry of Agrioalture (Dr* A* Abiad Afzal)) 

Department of Soils, Faculty of Agriculture, Kabul University 
(Messrs* P* Baxter and Zarif SsuLem, and Dr* G*A* KLlsen)} 

German Hydrological Qroup, Ministry of Mines azid Industries, especially 
Messrs* Birkenberger and Bitomsky* Especial thanks are due for the data 
of river levels and discharges recorded by them| 

Mr* S* Heppling, UNTAB Eesident-Hepresentative in Af^anistan} 

Mr* S*K* Dey, FAO Representative in Af^anistan; 

Mr* D* Hunger, Mineralogist, UNTAB Mission in Kabul. 

It is also necessary to send a message of thanks to all the Af^^an engineers and 
technicians that were assigned to every group of experts, for their great help in 
cariTing out all the field operations since the Project's inception till its end* 
Olhe responsibility for the organization of the Project's activities, its permanent 
supervision and consultations on the FAO part rested personally with l£r* A* de Vajda, 
Chief of Special Fund Operations, Land and Water Development Division, FAO, Rome* 



8 



CHAPMR 2 - SUMMARY OF MAIU CONCLUSIONS AM) BIDC^MEHDATIOIgS 



!• Appraisal of Land and Water Resouroes and Potential Irrigation BeveloTment 

Ctood water storage potentials were discovered on the rivers Hari Rud, Kawgan, 
Farah Rud, and the Kabul tributaries^ as well as favourable conditions for a 
considerable expansion of cultivated areas throu^ the use of additional water and a 
better utilisation of the available resources* 

2« Ibe Water Resouroes are sunuaarised in Table 2. Under existing conditions, there 
is no water control on any of the rivers surveyed* On all the rivers, except those 
of the Kabul basin, all the runp-off during the stammer and autumn-winter periods is 
consumed for irrigation* However, flood run-off is only partly usedj its more 
complete use depends on regulation by the construction of dams and reservoirs* 



TABLE 2 



WATER RESOURCES OF SCJRVEYBD RIVERS IN THEIR SEASOMAL EESTRIBUTIOir 



Ifo* Name of River and Damsite Mean Normal 



discharge xunoff 
(m-* sec; (Km3) 



Seasonal Pistribution of Runoff ^ 
Spring Summer Wln*+ Aut* 



Mardh«-Jtme July-Sep* 
(HI^TI) (TII-JX) 



Oct .-Feb* 

(3UII) 



1. 


Hari Bad at JSaxm of idiioh 


65,0 


2.00 


68 


12 


20 




Kawgan at TangL Shah 


15.0 


0.47 


58 


13 


29 


2. 


Adrwdcaad at oonfluenoe 










with Bad^wQhaz 


8.6 


0.27 


71 


4 


25 


3. 


Farah Bud at Bakcduibad 


44,0 


1.40 


70 


8 


22 


4. 


Kabul at Taagi Saidaa 


6.0 


0,19 


52 


6 


42 


5. 


LegKr at Eajae 


10.5 


0.33 


52 


6 


42 


6. 


Fanshlr at Qalbahax 


62.5 


1.97 


53 


38 


9 


7. 


Gborband at Bil~i<^AflhaT 


27.0 


0.85 


58 


21 


21 


8. 


Ghaami at the DouiJi 


11.0 


0.35 


83 


1 


16 



Analysis of the seasonal distribution of the annual ruxH^ff shows that during the 
summer and autum2>-winter low water periods (July to Febzuary) the run-off of the 
surveyed rivers ranges from ITfo (Ohazni Basin) to A9jt (Eabol Basin) of the total mean 
normal runroff, and in the spring season, i*e* £rom Nardh to June, idien the flood 
occurs, from 32SX> to 83^* 

3« Soil and Land Capability Surveys - Reconnaisscuioe soil maps were made of the 
various basins on a total area of over 1*7 million hectares at the scale of l/50,000, 
reduced for printing to l/lOO,000* The mapping unit was the soil association* 

Interpretative land capability maps were also made at the same scale and were 
based on the suitability of soils for irrigation* Six classes were distinguished 
as followss 

Class I t Very suitable for irrigation* 
Class II t Moderately suitable for irrigation* 
Class III s ICarginally suitable for irrigation* 
Class IT s Ifonr^able land| not suitable for irrigation, except 

under special conditions for irrigated pasture* 
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Class V s Iibn-aral>l6 land} undetexmlned suitaMllty for i3?rlgation » 
Class TL I No]>»ixTigal3le land. 

(See Chapter 4^ paragraph 3) 

IThe areas oovered by eaoh olass are given in ITahle 3« 

TABLE 3 



Name of Valley and Area a>tal Area Land Classifioation » 





surveyed in 


Class 


Class 


Class 


Class 


Class 




heoliares 


II 


III 


IV 


V 


VI 


Harl Bud Valley 


410, 770 


75,730 


63,700 


84,930 


60,760 


125, 650 


Farah Bud Talley 


50,900 


25,000 


2,600 


5,800 


14,900 


2,600 


Adraskand Valley 


155,000 


24,700 


5,000 


5,300 


100,000 


20,000 


GBiazni Areat 














Ohazni Valley 


250,000 


56,100 


49,700 


25,200 


78,600 


40,400 


Jilga Valley 














(Ohazni (Dtrilmtary) 


139,990 


20,050 


24,340 


15»720 


32,280 


47,600 


Nahar Valley 


123,400 


5,600 


43,000 


19,300 


10,500 


45,000 


Wazikhwa Area (Ka«awaz) 


54,900 




11,600 


14,000 


6,000 


23,300 


Bll ^ea (at Ab-i-Istaoa 














Lake) 


310,000 


74,740 


65,000 


15»230 


35,530 


119,500 


Kaljul Area 


104,300 


6,240 


54,460 


26,900 


11,650 


5,050 


Logar Valley 


36,000 


19,400 


16,600 








Ghorband, Shakao^^ara 


98,000 


27,300 


48,400 






22,300 


Fanjshir Valleys 














TO'SAL ABMi 


1^ 733, 260 


334,860 


384,400 


212,380 


350,220 


451,400 



No Class I lands we're identified in the Project Surveys. 
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In order to allow a quidk evaluation of the possiMlities of future development, 
the existing land use is given in Table 4* 

TABLE A 



LAKD USE JJmm WLSTLm COHDIOIOiaS 
Name of Surveyed Area 



Total 
area of 
lands 
surveyed 



LandSo 
currently 
irrigated 



Irrigable 
lands not 
irrigated 
at present 
due to lack 
of water 



II-IIICl. 



Provision- 
ally irrig- 
able lands 
requiring 
reolamation* 
Guirently 
used as pas- 
tures and 
partially 
for dry 
farming 
IV-V Cl> 



Class V 
and W 
Icuids 
used only 
as pasture 





1 


2 


3 


4 


5 


& 


7 


1. 


Hari Bud Valley 


410, 770 


54,700 


84,730 


84,930 




186,410 


2. 


Adxaskand Valley 


155,000 


11,000 


18, 700 


5,300 




120,000 


3. 


Farah Bud Valley 


50,900 


15,100 


12,800 


5,800 


14,900 


2,600 


4. 


Gbazni Valley 


250,000 


30,000 


75,800 


25,200 




119,000 


5 


Jilga Valley 


139,990 


13,940 


30,450 


15,720 




79,880 


6. 


Hahar Valley 


123, 400 


9,010 


39,590 


19,300 




55,500 


7. 


Wazikhira, (Katawaa) 










8. 


Area 


54,900 


2,870 


8,730 


14,000 




29,300 


Dil Area (at Ab-i- 












Istada) 


310,000 


10,000 


129, 740 


15, 230 




155,030 


9. 


KaTjul .Afea 


104, 300 


27,500 


16,400 


26,900 


10,650 


6,050 


10, 


Valleys of Gborband, 








Fanjshir and 
















Shakar-Dara 


98,000 


38,400 


36,300 






23,300 


11. 


Logar Valley 


36,000 


16,000 


20,000 










TOTAL 


1,733,260 


245,320 


473,240 


212,380 


25,550 


777,070 



In view of the above, the following conclusions amd recommendations may be drawn 
for the various areas surveyed: 

4« Hari Rud Basint Considering the extent of the free land and water resources 
available in this basin, it should be possible to develop irrigation, particularly in 
the Herat Valley, in the near future* ( See Chapter s 8-10)« Class II and III lands 
in the basin cover a total of 139^400 ha«$ the general character of these lands is 
such that for the development of irrigation they would require a minimum of reclamation 
work, besides the construction of irrigation systems and reservoirs where necessary* 

The draft scheme of irrigation development in the Herat Valley allows for the 
regular irrigation of 131,000 ha«, provided the available water resources are fully 
used, an increase of more than 76,000 ha* over the area at present irrigated* The 
design for irrigation development provides for reconstruction of the intake and 
canalisation systems, and for transition to regular irrigation, with abolition of 
the crop-fallow system* Irrigation is at present by gravity, as will be the extension* 
The scheme covers an area of 148,800 ha* gross, (or 131fOOO ha* net) mainly Class II 
and III lands, with a small part in Classes IV and V* The capital investment for 
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reconstruotion and development of the irrigation system itself has "been approximately 
determined as %13.3 millions, that is $5767ha. of area irrigated* 

For full lun^ff regulation, on ^ioh the complete development depends, four 
reservoirs should be oonstiuctedj two at Assarassum and Salma, will be on the Hari 
Hud proper, two at Tangi Azao and Tangl Shah, on the iCawgan* (Ehe reservoir capacity 
required for irrigation of an area of 131,000 ha. will be 125O million m3 and the 
total effective capacity of the suggested reservoirs will be almost equal to this. 

(Hie total capital investment for the work of run-off regulation, h€ts been 
estimated at appax)x. $32.7 million ($250 per ha. of area irrigated). (Ehus, the 
total expenditure for the irrigation system and for water control measiires in the 
Hari Hud basin will be of the order of $108.2 millions. Olhis includes expenditure 
for development of the hydropower resources in the valley. The design provides for 
the construction of 5 hydropower stations at a total rated capacity of 85,500 Kw., 
one each at the Assarassum and Salma dam sites and three at the drops of the Herat 
ri^t bcmk main canal. (See Chapter 8 - lO) 

It should be noted that these estimates of cost, and others £^ven below, are 
hi^ly tentative. They are subject to considerable changes, depending on the results 
of further extensive surveys and investigations, and on the inevitable future 
variations in the costs of materials, services and equipment. However, there is no 
doubt that the Herat valley has all the pre-requi sites for irrigation development 
on a large scale. 

5^ Basin of the Farah Hud . Olhe proposed develoi»nent of irrigation in the Farah 
valley, described in Chapters 15-17f covers a total area of 48,300 ha. of irrigable 
lands, and will bring up the area irrigated to 33,300 ha. ( See a?able 35, Chapter 13). 
However, in implementing this scheme, together with ruiw)ff regulation, water supply 
will be available sufficient for an area of 59,200 ha., including visually-surveyed 
Istnds in the Daulatabad area and at Juwain. Moreover, while the area at present 
irrigated in this basin amounts to only 15,000 ha., the mean normal run-off mi^t, 
with over-year storage, suffice ultimately to irrigate some 90,000 ha. 

The present development scheme, to cover 59,200 ha., provides for gravity 
irrigation, with easy water intake conditions from the river; the valley has good 
terrain for the construction of the necessary water distribution and irrigation 
system. At the same time, the existence of considerable areas of land i^diioh are 
saline in various degrees, will require thorou^ hydrological investigations to 
provide a colleotor^drain system. The scheme also considers the construction of a 
reservoir at Bakshabad, Alikinai or Lashkagar, which would enable the irrigated 
area to be increased to 60,000 ha., allowing for the cultivation of up to 5^ of 
cash crops. Of the three potential reservoirs, that at Bakshabad is recommended for 
run-off regulation, being the cheapest and nearest to the potential irrigated land. 
The cost of this would amount to $15*55 millions. Allowing development of irrigation 
works at the rate of $680/ha., to a total of $40,250 million, the overall cost for 
irrigation development and runnSff regulation over 59,200 ha. would be $55.8 million. 
This figure includes expenditure for the development of hydropower, with the 
construction of a station with rated capacity of 24,000 Kw at Bakshabad. 

However, in spite of the above possibilities, irrigation development in the 
Farah Valley, judging by its importance, should be given third priority, after that 
in the Herat and Kabul valleys. ( See below, para I4). 
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6. Kabul Basin ^ !Ehe prospeote for irrigation development in the Kalwl area are 
favourable. Of the 238,300 ha. of land surveyed, 172,400 ha# are in olasses II and 
III. These lands have good texture, adequate drainage by lift or outflow, and axe 
almost entirely free from salinity. At present, just over 50?i of these lands are 
annually irrigated. 

Preliminary investigations lead to the oonolusion that dam oonstruotion is 
possible on the Logar, Bala Maidan and Caiorband rivers (Kabul tributaries). 
Observation shows that the natural flows of the C2xorband and Panjshir have considerable 
potential resources at present unused, even without storage, whereas the unregulated 
flows of the Bala Maidan (upper Kabul) and Logar rivers are already completely used 
for irrigation during the low-water season. 

Accordingly, the following scheme is proposed for irrigation development in the 
Kabul Basins 

(i) In the Panjshir and Caiorband (Shakardara) valleys, the intensively 
cultivated area of 21,600 ha. should be increased to 50,400 ha.| "by irrigation without 
water control by storage. 

(ii) From the Kabul (Bala I^iaidan) and Logar rivers, using water control hy 
reservoirs,^ the irrigated area should be increased from 27,500 to 43,500 ha. Ihe 
development of hydropower at these reservoir dams will not be economic. 

Because contour maps of these areas are still lacking, this soheme must he 
considered as Quite tentative, being framed only on visual ohsomttions and some 
preliminary data on ground elevations. Costs can only be forecast very approximately. 
Definite plaaaning will require contour maps, detailed surveys and field investigations, 
and comprehensive aesigns. However, even the preliminary discussion of this soheme, 
in Volume VI, Chapters 22 and 23> loaves little doubt as to the profitability of 
irrigation development base. Moreover, these lands are near the capital city, in a 
well-populated area, ^ere the country's young hut developing textile and sugar 
industries will require raw materials. 

7« Khash Ihad basin . Based on the aerial photographs only, a preliminary indication 
was obtained from the geologist as to the potential use of the Khash fiud waters for 
the irrigation of part of the lands in the Bakwa valley. On present information, 
the prospects do not appear promising, ( See Volume II ). 

8. (2iazni and ITahar basins . In the Gfeazni Province, out of the total area 
surveyed in the basins of the GSiazni, Nahar, and (in part) Lora rivers, as well as in 
the Wazikhwa (Katawaz) area, in all 878,300 hectares, lands suitable for irrigation 
total 439f700 hectares, of which 344,100 hectares are Class II and III lawis. Of 
these lands, about 65,800 hectares are at present irrigated. 

On the whole, the GSiazni Province has large potential land resources fit for 
irrigation development, but very limited surface waters: the annual run?-off of the 
Ghazni and Nahar rivers does not exceed 436 million m^. On the other hand, preliminary 
investigations indicate that irrigation migjit be developed by the use of ground water. 
However, this should be preceded hy special surveys, and particularly by a hydro- 
geological study. This woifc is to be covered by a new Special Fund Project. ( See 
15, helow). 
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9# Adxaskand "basin^ UhlB "basin has 35fOOO ha. of irrigahle land, Taut very limited 
water resoiiroes. Only 11,000 ha* are irrigated at present, and only a further 5,000 
ha* oould "be irrigated. Even to hring about this extra use of good land, fiill 
regulation of iu»-off of the Adxaskand river would he neoessaryj this in turn depends 
upon the oonstruotion of a reservoir. Hydrological aaloulations show that the annual 
runp-off of the Adxaskand, below its oonfluenoe with the Rud-i-CShaz, does not exoeed 
270 million m-^. 

Geologioal and topographioal reoonnaissanoes in the basin have so far indicated 
no suitable sites for dams and reservoirs, but further investigations in the nei^- 
bourhood of Jija Serai appear to be desirable. 

Following the above, the investigation in the Adxaskand basin was limited to a 
study of the land and water resources, without preparation of any proposals for their 
use. 

10. Appraisal of Potential Development of Power Produotion . Brief data axe given 
below on the hydropower resources of the Hari Hud and Faxah Rud, that oould be used 
throu^ construction of hydropower stations at reservoir dams and on main irrigation 
canals. No power stations axe at the dams on the Kabul tributaxies proposed in this 
report. 

A detailed description of these resources is given in the respective chapters 
in this Volume dealing with each of the basins surveyed. 

Table 5 below gives data on the estimated capacity and output of the hydropower 
plants that could be constructed in the basins of the Hari Eud and Parah Rud. 



TABLE 5 



No. 



1. 
2. 

5* 



POWER SSTIMAIEE]) CAPACITIES AMD OUTPUTS 



Name of Station 



Haxi Bud Basin 



At Assaxassum dam 

At SfiLLma dam 

At £k. 22 of main canal 

At Km. 38. 7 of main canal 

At Km. 64 of main canal 



Estimated 
Capacity (Kwt) 



26,000 
24,000 
20,000 
11,000 
4,500 



Output 
(Mln.Kw-hrs) 



98.87 
109*38 
141.10 

77.65 
31.79 



TOTALi 



85,500 



458.79 



6. 



Faxah Rud Baaln 



At Balcshabad dam, ox 
at Alikinai dam, ox 
at Lashkagax dam 



24,000 
26,000 
34fOOO 



131.6 
149.0 
188.2 



Provision for power developments found possible should be included in the designs 
of works fox watex control and irrigation, even if installation is not considered 
to be justifiable when the works bxb first built. 



14 



11 • Reoommendations for Rirther SurveyB and Studies ♦ The purpose of the surveys 
made in the seleoted hasins was limited to the determination of the land and water 
potentials, and to general appraisals of the possibilities of their further develop- 
ment* -^efore irrigation development oan he started on a large soale, additional 
studies will he necessary, to produce plans for eaoh ojf the hasins, and first of all 
in the hasins of Hari Bud, Farah Bud and Kabul* 

The additional studies should include the following programme of surveys, 
investigations and design works 

(l) Compilation of contour maps with Innetere intervals, at scale 1:10,000 
of an area of: 



(2 
(3 



(4 



(5 



(6 



(7) 



200,000 
60,000 
200,000 



250,000 hectares in the Herat valley. 

70,000 hectares in the Parah valley • 
250,000 hectares in the Kabul valley. 



Compilation of maps of the reservoir catchments at scale 1: 250,000. 

En^neerin£^-geological and hydro-geological investigation of the dam 
sites and reservoirs with the help of drilling equipment, pits and 
tunnelling. 

Preparation of designs of dams and reservoirs on the Hari Bud, Farah 
Bud and Kabul tributaries. 

Fedolo^cal and hydro-geological investigations of the irrigated 
and irrigable areas* 

Preparation of layouts of three typicad plots for trial irrigation faims, 
each 250-300 hectares, one plot in each area of development, at a scale 
of 1:2,000, with 0.25 u« intervals between contours. On these plots 
should be designed the systems of field irrigation and drainage in fall 
detail, and specific indices of Quantities of works should be determined. 

Preparation of layouts of the irrigation systems, based on contour maps 
at scale 1:10,000 (with designs of the irrigation, drainage and road 
systems with installations, preparation of specifications for eauipmer»+. 
and materials, estimation of the main quuntties of work and the costs of 
project) on areas of: 



a) 150,000 hectares in the Herat valley, 

b) 60,000 hectares in the Farah valley, 

c) 36,000 hectares in the Logar valley (Kabul basin), 

d) 76,000 hectares in the Shakar Dara valley (Kabul 
basin) and 

e) 98,000 hectares in the Kabul valley (Kabul basin). 



12. Studies relating particularly to Agricultural development: there should include: 

(1) Preparation of plans and organization of three model trial irrigation fauns, 
each of 25O-30O hectares, and each with an agricultural research station 
of 15-20 hectares, in the Herat, Farah and Kabul valleys respectively. 

Ttie&e farms aoid the research stations will be for demonstration purposes, 
as well as for the training of national agricultural specialists. 
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(2) The operation of the trial agri cultural farms and research stations should 
be supervised hy well qualified experts, possibly foreign,for 4-5 years 
until national staff are trained for this purpose. 

(3) Study of the existing system of land use, size of holdings, future 
oonditions of land use, etc* 

(4) Study of farm incomes, gross and net value of fanning produce, and 
conditions of credit, etc* 

(5) Survey of roads and other communications. 

(6) Study of the whole economic aspect of the areas ^ere irrigation 
development is planned. 

(7) Collection of data of organizational and technical nature. 

13. Costs of Further Investigations . To indicate the order of magnitude of the 
work involved in implementing the above suggestions, it is tentatively estimated that 
the following services would be required: (l) external technical assistance for 
about 1000 expert-months; (2) equipoaent, motor transport, etc*, to the value of 
about $800,000; (3) on the part of the Government, investment would be required 
totalling about $700|000, of ^ich $200,000 would be for the salaries of engineers, 
technicians, administrative and service personnel; $300,000 for the construction, 
maintenance and operation of the trial farms and research stations and their equipment; 
and $200,000 to meet local operating costs. 

14. Priorities in the Development Recommended . The execution of the developments 
recommended in this Heport, for the Hari Rud, Farah Bud, and Kabul basins, will 
involve heavy capital investment over a considerable period of years. It is there- 
fore necessary to establish an order of priorities for the proposed stages of 
development! 

(i) First, in all basins, it is important to bring under control the 

intake and distribution of water, by the construction of regulating 
works, with, on lands inhere drainage is poor^ systems of collector drains. 

(ii) As between the three basins, the possibilities and prospective 

benefits appear definitely greater in the Hari JRud and Kabul basins 
than in the Farah Rud. Since the surveys and investigations 
already made are more detailed for the Hari Bud than for the 
Kabul basin, it is recommended that the order of priority to 
begin >d.th should bet 

Hari Bud (Herat Valley) 
Kabul Basin 
Farah Bud. 

(iii) Development in the Herat Valley will itself have to be done in 
stages. Olhese may well be linked with the constxuction of 
reservoirs as followst- 

Stage 1 Tangi Shah Reservoir 
Stage 2 Assarassum Beservoir 
Stage 3 All reservoirs - full development. 
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There are arguments for building Assarassum Heservoir in Stage 1^ 
and Tangi Shah Reservoir in Stage 2. But at presenti on the 
idiole, the balanoe of advantage appears to lie vith Tangi Shah 
in Stage 1« Olhis question should be farther examined^ as should 
also the question of what other reservoirs should also be built , 
inoluding those at Salma and IBasrakai on the Hari Bud and at 
!Fangi Azao on the Kavgan tributary^ and of what designs and 
oapaoities* 

14* Other Reoommendations O^eohnioal and praotioal reoommendations applioable to 
irrigation development in all basizis are summarised beloin- 

(i) Agpioultural Reoommendations 

Without improvemezrb in virtually every brandh of orop husbandry^ 
irrigation by itself oan bring little lasting benefit* In parti oulari 
there will be a need for the adoption of suitable orop rotations^ 
(sudh for example as ootton/alf alf a) | improved oultivmtion 
teohniquesf ' more pest oontrol) and the use of fertilisers* Ttte 
present system of orop-fallov rotations should be abandoned* More 
intensiTs orop rotations should inolude suitable proportions of 
oash oropsy suoh as sugar beet, jute, oil plants, eto*, as well as 
ootton, idiioh oan provide raw materials for the ftirther expansion 
of industries • To improve methods of oultivation, the present use 
by farmers of primitive implements and draft animals should be 
gradually replaoed by improved implements operated by traotors« 

(ii) Training of Farmers guxd Farm Credits and Servioes 

!Ib?aining of farmers in all branohes of agrioiiltural production in 
Af £^lianistan is znest xirgently needed and should begin as soon as 
possible* It is ziot the purpose of this Report to make speoifio 
proposals, but it is suggested that sudh a programme should inolude 
provision for tedhnioal a^i cultural and veterinary servioes to 
farmers, for study oourses in village sdhools, and for the initiation 
of seminars, eodiibitions, cuid demonstration plots or faxms* The 
application of new methods by farmers would be greatly facilitated 
by a system of fazm oredits, e«g« for the acquisition of new 
equiiaent, and by the establishment of special stations, equipped 
and staffed to carry out special kinds of agricultural workf 
against payment, or against a share in the prospective crop yields* 

(iii) Animal Husbandry 

The introduction of crop rotations with increased proportions of 
pulses and fodder crops, and the expansion of summer crops, 
will create enlarged opportunities for the develoiment of 
productive animal husbandry* 

(iv) Trial and Demonstration Stations and training of SDscialised 
Staff 

!Qie trial farms recommended above under Para* 12 can, as there 
mentioned, be used to demonstrate new methods to farmers, and to 
train national agricultural specialists, as well as for research* 
To staff these farms, expert expatriate staff will be required 
for several years, until national staff can gain sufficient 
experience to take charge of them* 
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(v) Irrigation 

In applying water for irrigation in the field| the present 
wasteflil praotioesy suoh as flooding, should lAierever possil^le 
be replaced by better aethodSi including farrow irrigation* 
OMs requires oarefol levelling of fields eind systematio 
control of water, acoording to the requirements of the orops, 
and considerations of drainage, soil water conditions, soil 
reclamation, eto» To achieve this, regalation of flows 
throu^out the canal systems is essential, as well as control 
of river flows by reservoirs • 

Seepago losses from canals can be reduced by lining the 
canals with concrete or, less expensively where feasible, 
with asphalt; th^ deposition of fine silt can also help in 
this« 

(vi) Qround Water and Drainaget Salinity and Land 
Reclamation 

l&ere ground w^ter levels are hi^, e«g« less than 3 ^^ below 
the surface,' or lands are saline but reclaimable, the 
introduction of drainage systems is required* Where irrigation 
Is to be extended to new lands in which ground water levels 
are deeper, the immediate provision of drainage may appear 
to be unnecessary* But the application of irrigation will 
itself raise the levels of ground water, with increased risks 
of salinization, and to prevent this, the development of 
the drainage systems at the same time as the irrigation 
systems will be desirable, or by successive stages if 
preferable* Systematic observations of the levels and 
qualities of gro\ind water, in suitable wells, is very necessary* 

(vii) Programming and Planning 

In any one area, it appears very desirable that the improvement 
and remodelling of lands already- under irrigation, and the 
provision of irrigation to new lands, should be done together* 
Certainly, the plans and designs for any one area should be 
comprehensive and provide for both these forms of development* 

Thla combination of purposes is also necessary in the work 
of the hi^er planning authorities of the oountiy* If, for 
example, a national programme provides for the construction of 
a reservoir for irrigation purposes, it should also cover 
the construction of a system of irrigation and drainage to 
use water fxom that reservoir, with also the corresponding 
development of agricvilture, and the processing and disposal 
of the crops to be expected* Funds for all these steps 
should be earmarked, and means to effect them* 
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(■viii) Organisation of Land and Water Use 

With the increasing development of national sohemes of 
irrigation development, it appears neoessary to establish 
a single Qovemment authority to deal nith all the 
tedhnioal proUems of survey, planning, operation and 
maintenanoe, and the registration and supervision of 
individual systems^ OMs authority should "be organised 
with the requisite tedhnioal staff, both at its headquarters 
and in provincial centres as required* 

SMEi^ Many of the fields refea?red to in the above general recommendations 
have already been the subject of projects carried out by FAO 
under the U.Nt Exgpanded Programme of Technical Assistance. Tb,e 
anal Reports of those i&ioh are especially relevant to the 
areas covered by the present project are listed in Appendix 17. 

15* As a first folloiMip of the Project with which this report is concerned, the 
Government of Af^anistan requested the U.N. Special Fund to consider a new project 
which should concentrate in more detailed investigations of the Hari Bud and Kabul 
Basins. OMs Project has been approved by the CJoveming Council of the Special Fond, 
with FAO as the Executing Agency. 

In addition, a further Project for a geoondwater survey of the Kabul, Katawaa 
and Bakwa areas, has been approved, for implementation by the U.IT. Oteohnioal 
Assistance Administration as Ebcecuting Agency. 
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CHAFCER 3 - GSIMBBAL DESOBIP!EE01Sr OF PROJECT ABEAS IN 

TSB SBTTim OF AFCHANISTAN 



!• General Information Af^anistan is a mountainous oountry vith a surfaoe area 
of 6339 000 square kilometres, situated in the oentral part of the Asian mainland, 
between 29^30« and 38<^31* N latitude and 60^30 » and 72^0 • B longitude. Olhe narrow 
Wakhan strip in the East reaches as far as 74^31* ^ longitude* 

In the North, Af ^anistan herders on the Soviet Central Asian Hepublios| in the 
North-East, over a short stretch, on the Chinese Peoples Hepuhlio and India^ in the 
East and South on Pakistan, and in the West on Iran« The most important oultural 
centres are located at hi^ elevationss e«g« Kahul at 1793 ^^ ahove sea level, and 
Ghazni - the country's ancient capital - at 2360 m« Even the comparatively lower 
cities of Herat and Kandahar are elevated 930 and 1020 m« respectively above the sea* 

Physically, the principle feature of the country is a great mountain mass which 
divides it, rou^ly, from NNE to SW, sloping more steeply on the northern side than 
to the south and west. The ranges of ^ich this is composed are in effect a western 
and south-western extension of the Hinda Kush, the main range of i^ioh occupies the 
north-east comer of the country, with peaks rising to nearly 6,000 metres. North 
of Kabul, the main range fans out, continuing westwards as the Kuh-i-Baba, which 
rises to 3)000 m., the Band-i-£ayan and finally the Paropamisus, which form the 
northern watershed of the Hari Hud. All the river basins with vAiich this Project is 
concerned are on the south side of this mountain backbone. South of Kabul is another 
range, the Safed Kuh, ^ich again reaches nearly 3^000 m. on the Pakistan frontier, 
^e Kabul valley itself descends very steeply below Kabul city, to as low as 600 m. 
in the Jalalabad plain, idiioh has a sub-tropical climate, but in the south and south- 
west of the country vast barren territories extend over some 13,000 square Kin., at 
altitudes of 700 and 8OO m. Qliese constitute the Helmand and Bakwa deserts in the 
south west, and towards the Pakistan frontier, the He^^stan ('^country of sand^O« 
Swampy lakes are a featiire of the western and south-western frontier country* 

The main features of the country are shown on Map No. 1. 

The surveys made under the Project cover various parts of the country, mainly 
in West and South-West Af^anistan, represented by the basins of Hari Hud, Adraskand 
and Farah fiud, and in East and South-East Af ^anistan, represented by the basins of 
the rivers Kabul, GSiazni and Nahar. 

19iou^ these areas have some characteristics in common, they vary widely in 
respect of climate, geology, soils, population, land use, roads, vegetation, hydro- 
logy and topography. 

2. General Geology Considerable parts of the basins surveyed are hi^ alpine and 
mountainous areas at altitudes from 23OO to 4300 m. Their valley portions are also 
considerably elevated above sea level, for instance, the Herat valley lies at 900- 
1000 m. Kabul valley - I6OO-I8OO m., Ghazni valley - 2000-2500 m.) only the Parah 
valley does not rise above 8OO m. 
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Ttie general terrain of the moontainous part of the area, vith its peaks, testifies 
to a relatively reoent lift of the mountain ranges lihose origin oan be traoed back 
to the !Fertiary period* 

Metamorphio and intrusive rooks are predominant in north-eastern Af ^anistan, 
from Qhazni towards the Saf ed Koh south of Jalalabad, and from Kabul to P^shir, 
Itir Somir and Badakshan* Maoh of this metamorphio terrain has Palaesoio elements, 
and is not equivalent to the true Arohaean Basement Complex of the seifimioally stable 
Indian peninsular* 

Crystalline rooks are also present along both sides of the Hari Bud in the Obeh-* 
Herat area, but the hi^ ran^s of the greater part of south-vestem Afghanistan 
oonsist of limestones and |lysoh, with oooasional intrusive masses* All the hi^er 
summits along the upper Farah Bud oonsist of Gretaoeous limestone* 

In the oentral Farah Bud, along the Adraskand around Shindand, and in parts of 
the oentral Hari Bud, there is an extensive development of Lower Tertiary voloanio 
rooks, with intrusive granodiorite and gabbro* !Ehree of the dam sites with idxioh 
this report is oonoexned are looated within these voloanios* 

Ifeogene oonglomerates are prevalent not only im the lower lying regions of 
Farah and Herat, but ooour throughout muoh of the oentral hi^lands, up to 3,000 
metres elevation* Similar deposits oooupy muoh of the Kabul basin, vhere they ooour 
as terraoes partially swamped by reoent alluvium* 

Maoh of south-eastern Afghani stan oonsist s of Cretaoeous to Lower Otortiary 
Flysoh, with assooiated Gretaoeous-Beoene limestones* 

Southern Afghanistan is interseoted by major faults along idiioh transourrent 
movements have taken plaoe* Qiese are desoribed in Volume II* The Chaman fault 
extends from near the Kakran into Baluohistan and Af ^anistan as far as near Mukur* 
Its oertain length is 700 Em*, but a northern extension probably brings it past 
Qha2aii almost to Kabul* 

3* General Climate and Hydrologyi 

Climatei The looation of Af^anistan in the heart of the Asian oontinent, 
and its remoteness from the ooean, result in intense heating and oomparati- 
vely qui ok oooling of its land surfaoe* In general, the oountry is 
oharaoterized by dryness of the air, low oloudlness, plenty of sunshine, 
low precipitation, hot summers and relatively cold winters* !Ihis creates 
a oontinental olimate, with sharp differences of day and night 
temperatures, and a oonsiderable range of temperature over the year* 



Olhe determining dimatio factor in any one locality is not the latitude 
or longitude, but the altitude above sear levels the very topograiihy 
of the oouzitry detexmines the variety o4 climatic conditions* In the 
Alpine areas of the basins (over 4|000 m« in some cases) the winter is 
severe and long, up to 9 months) the summer is short and has an average 
air temperature below +5®* Agriculturally speaking, conditions range 
from areas such as those above 3,400 m«, in the Kabul basin, itiiere it 
is hard even to grow barley, to the lowlands ^ere sugar cane, citrus 
fruits and date palms are cultivated (6^ m* in the Farah valley)* In 
the Kabul basin, at 1,800 m*, the average air temperature is +24^ in 
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Precipitation is low, "being very unevenly distri'buted throu^ the 
year depending also on the elevation. In the lower parts of the 
Herat, Parah and Cfliazni valleys, it is I5O-250 mm per annum. It is 
hi^er in the mountains, where it takes the shape of snow in winter 
and of shower rains in spring. In the Kahul area, affected "by the 
monsoon from the Indian Ocean, annual precipitation reaches 4OO mm. 

(ii) Hydrologyg A precise appraisal of the water resources of a river 

depends on a long series of records, "based on regular measurements of 
flows. As the study of the water and sediment discharges of the 
majority of the Afghan rivers has only just "been started, the solution 
of any hydraulic pro'blem in the coxmtry must he "based on short 
hydrologioal records, or on analogues from other rivers with 3 to 
15 years of o"bservations. 

In estimating the river runoff in the basins surveyed, generally 
accepted methods of computation have "been used, leading to 
determinations of the mean normal runoffs, annual runoff fluctuations, 
seasonal runoff distri'butions, majdmum and minimum discharges, 
sediment discharges and other hydrologlcal elements, for each proposed 
dam site on every river surveyed. Such estimates of river runoff 
are given in the various sections of this volume for every hasin, and 
are descri"bed in diDtail in Volume III on Hydrology. 

4. Soils of Af Aanistan The soils of the main farming areas within the river, 
valleys and foo*ttiills csm "be divided "by their texture into four principal categories: 

1) Heavy loams of the "bottom lands; 

2) Medium loams of mountain slopes (sierozems); 

3 J Loess-like loams of the foothill areas (northern part of the country); 
4) Cultivated dry-farming oasis soils. 

The heavy loams are usually connected with water-logged (or marshy) river hottom 
land, mainly in areas used for rice growing. 

Humus Soils with a significant amount of organic matter are met only among the 
heavy loams . All the heavy soils have the hi^est alkalinity and carbonate content. 

Medixim loams are common sierozems. In their skeletal part they have much stone, 
passing into pe'b"bles or finer deposits, along steep slopes. T3iese loams occur on 
patches of piedmont and talus origin. 

The alluvial soils in the river "bottom lands are also sierozems, "but have more 
humus and are less stony. 

All the medium and lirfit loams are characterised by a hi^er content of p€a:*ticles 
of 0.1-0.05 m. size, which testifies to their deposition by fast water flows. Their 
common feature is a good permeability and a q.uick capillary action. "Ehese qualities 
are in some respects valuable for farming purposes, especially in irrigated agriculture. 

The easy permeability accounts for the desalinized state of the cultivated 
irrigated soils. The bottom land medium loams usually have medium humus content 9 which 
indicates their cultivated condition. On the other hand, little cultivated loams - 
sierozems - on the piedmont patches are often saline and short of humus to such 
extent that they more resemble rock than soil and could be named desert sierozems. 
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If they occur in the valley bottom lands the mediiim loams pass into sandy loams 
of medium hiimus content* 

The mannaade soils of the oases stand Quite apart from the others. ^Chey could 
he called "cultivated irrigated soils", as they have not gone the way of natural 
development, and their structure changes with reclamation. 

The arable soils of the Herat oasis (900-1100 m.) as well as those of the Kabul 
area (1600-1800 m.) and the soils of Sar-i-Cheshmeh (along the Kabul area - 2500 m.) 
fall into the same category of medium loams with medium hximus content, they mi^t 
be called sierozems. These sierozems vary in different areas in their degree of 
stoniness, in the thickness of the layer affected by the soil-forming processes, and 
in the extent of salinity. In parts, they turn into solonchaks, but the total area 
of the latter in Af^anistan is not very large, except in the solonchak marshes of 
Seistan. 

The "cultivated irrigated soils" near large centres and towns are the deepest 
and best arable soils. However, these soils are mannnade. In their natural state 
all the soils of Af^anistan could be rather called rock-soils# In the southern 
stony deserts, plants grow on the sierozem sand barely covering parent outcrops. 

The attached maps Uos. 2 and 3 should be considered as first attempts at 
compilation of soil botanical maps of Af^anistan. This work would require in the 
future detailed investigations using more precise cartographical materials, now 
under preparation in the country^ These maps were borrowed from the book 
"Agricultural Af^anistan" by IT* Vavilov and D. Bukinich. 

A detailed description of the soils surveyed in the valleys of Herat, Farah, 
Adxaskand, Kabul and GStiazni is given in respective chapters for each of the basins 
in this Volume, and also in Volume 17* 

6« Vegetation and Animals Althou^ there are some fine forests in the hi^ 
mountain ranges, especially to the north and north-east of the country, with the 
fauna to be expected under such conditions, the areas with tdiich the surveys were 
concerned are remarkable for their sparseness of vegetation and the paucity of 
animal life. Tkie upper catchments are often bare rooky mountains, with almost no 
soil cover and veiy little vegetation. In the steep ravines, shrubs and occasional 
trees appear, ^ile on the ridges lower down there is thin soil cover with 
correspond! gly more vegetation. Shrubs at these heists include wild olive, acacias 
and mimosas, while lower down there are more herbs especially of the natural orders 
Labi at ae. Compositae and Umbelliferae * On unirrigated land, camel thorn, tamarix 
and mimosas occur, with the other vegetation usual on semi-arid lands, including many 
spiny plants. 

While this general pattern applies to virtually all the areas surveyed, there 
are differences between species and associations in the different valleys, according 
to microclimatic and soil changes. 

Round the villages and in populated areas generally, cultivated trees include 
pines, poplars, willows, oaks and various fruit and nut trees, as well as grape 
vines and mulberries which are grown in some areas for sericulture as well as for 
their fruits. Peasant farmers have created what are virtually small oases in some 
of the deeper river valleys, building up and preserving the soil to grow cereals and 
vegetable crops. 
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estimate, the country's population exceeds 
* million are occupied in agrioulture or animal husbandry, 
some 2.5 million engage in nomadic or semi-nomadic raising of li-rostock, while the 
remainder, over 1 million, are tonnspeople engaged in commerce and industry. 

r estimated to constitute some 60f« of the population, Tith Tajiks 

Wo; and Uzbeks predominating among the other racial groups; the principal 

religion is Islam, the majority heing Sunnites of the Hannifite creed. 

The population is very unevenly ddstrihuted, the controlling factor being the 
nature of the terrain and the variety of natural conditions. Ijhile vast areas of 
mountain and waterless, barren arid lands remain virtually unpopulated, the Kabul 
and Kandahar oases, the Herat and Faxah valleys, Mazar-i-Sharuf, Ba^land and laxnduz 

: as well as other areas with fertile lands and ample mter are densely 
?^rif?if.v, ?^"f 1 of U.S.A. Thus, unofficial data show 

^p;$J^«ii ?f ^" ^fS-^^^"" (including 300,000 in Kabul , 1.3 million in the H??at 
n^Sn^f ^^"°^vA^*'« 160,000 in Herat), 300,000 in the Parah Rrovinoe (including 
15,000 in Parah), around 600,000 in the Ghazni Proviboe (including 20,000 in Ghazni). 

Particularly in the areas surveyed, agriculture and livestock industry are the 
mainstay of the eoonoiBy, Besides employing the vast majority of the pouplation. 
these industries create 80fo of the national gross product, Tdiile they^upply. chiefly 
in the form of animal products (karakul, sheepskins, wool, carpets etc.) soie 95?S 
of the country's exports. » > v./ ouuo j-jjo 

®' Roads a^d Communications Q3ie principal cities and towns in the basins 
surveyed, Kabul, Herat, Parah, Ghazni, Shindand are connected by the main national 
w-rcular highway, Tdiioh runs in effect round the country, 2,700 Kin in len<rth. 
These centres are also linked by another main road which crosses the country from 
east to west, from the Khyber pass throu^ Kabul to Herat, with a spur runrd^ng 
T^T^l ^ '^"^^ *° Shindand, thus connecting the MOs^an road^network 

w °f • • ^fv? ^^^^^ winding and rou^, this road oould be a main supply 
route but It IS unsuitable for heavy traffic at present; it is closed during winter 
and in spring is often unmotorable. (Map No. 1) ouring winter 

, c ^ Jien east-west route has been improved, these two main routes could be 
^f^f^f"" transporting all the material required for irrigation development in the 
basins under review. It must however be borne in mind that while these will serve 

!^,.J«®J'?i'' r' *°rf "^^^^^ ^^^^^ ^'^^ *° "^^^ proposed sites for dams and power 
worlcs will also be needed. x^"^* 

^«„+.!^v "t^of^^y °f POI«lated centres in the valleys are linked to the main 
routes by dirt roads. BspeeHaiy in the mountain stretches, these are often steep, 
narrow and with poor surfaces and many temporary bridges. OJxey are in many cases 
and at certain times of the year, quite unfit for motof transport. NonetSless! 

provides the main means of transporting heav^ 
materials for building etc., as well as equipment and bulk consumer goodsf a7 

Sif cftfL^f^^'^f- *^ is also increasing steadily throu^out the country and the 
big cities have their own motor fleets owned by "shirkets", local joint stock 
companies with Government participation. In the remote areas, and within the country 

Tr. Sr^^' r^"?^^ f ^ * ""^^^^^ °f «°o^ traffic, esSciSJy 

in the Hari ftid, Farah Rid and Ghazni "basins. ±^oj.»xa.j^ 
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KalTul has a modern intematlozial airport ooxmeoted idLth many world air routes, 
and scheduled internal flints connect the capital with the major provincial centres. 
Hadio and line telegrajii and telephone systems lizik the cities, and there are local 
telephone networks, and postal services in and a3:mind the capital and the provincial 
and district centres* 

9» Land Use Under Existing Condjltiong Land irrigation under existing conditions 
in the surveyed hasins is mainly hased on the limited supply of surface waters that 
can he used under the present natural regime of the rivers, without water control, 
and, to an insignificant extent, on the use of ground water* Flows available in the 
low periods - during the summer, autumn and winter seasons - are entirely taken for 
irrigation* However, over 50ji of all the yearly runoff on every river occurs in the 
spring period ( see Tahle 2)* Hie passage of the flood is characterized hy hi^ but 
brief peak discharges, and full usage of the flow during this period for irrigation 
is possible only if it is controlled by storage in reservoirs* 

A characteristic feature of the irrigated farming in the valleys surveyed is the 
wide variety of field crops* However, the main crop in the valleys, as in the 
majority of the country's areas, is wheat* Considerable acreages are sown to barley 
(especially in the Herat valley), maize, alfalfa, clover, pulsesj relatively small 
areas are grown with rice and cotton* Vineyards and orchards, vegetable gardens and 
melon fields occupy farmstead plots near the villages} something like 100 different 
plant species are grown for one purpose or another* 

Aziother feature of land use in the valleys is the croi^fallow system* ^e main 
reason for this lies in the small availability of fl^ee lands, fit for irrigation, and 
the lack of sufficient water under the present conditions without water control* 
One year of cropping is usually followed by 2 to 4 years of fallow. 

The crop lands belong in part to owner-cultivators, and in part to big landowners 
idio, as a rule, rent the land out to peasants* The peasants* plots are very small, 
and there are only few farms exceeding one hectare* The irrigated plots are divided 
into well-levelled checks^ flood irrigation is the rule, irrigation by furrowrs being 
only rarely met with* 

There is no strictly established system of crop rotation, but the peasants have 
a certain code of rotation rules to which they adhere in sowing individual crops* 
Wheat and barley are rotated rather treelj^ but cotton and rice are usually sown after 
alfalfa and pulses* 

Althou^ mineral fertilizers are almost unknown to the Afghan peasant farmer, 
earth fertilizer, with an admixture of dung, is used forever it can be obtained* It 
is applied annually, often in comparatively large Quantities, but mainly on the 
intensively cultivated plots near the villages* The small scale of peasant farming 
operations, and the dispersal of their holdings, present big obstacles to the 
application of modem farm maohineryi at present virtually all agricultural woxk is 
carried out by hand or with draft animals* Evidently, the whole problem of the size 
of holdings, and possibly of the land tenure system, will need to be tackled before 
modern farming can be introduced on a large scale* 

More detailed information on agriculture is given in the respective chapters 
later in this Volime, on land use and farming practices in the sections dealing with 
the vaidous basins with which the Project was conceimed* 
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10. Summary of Sarveys Completed Below is a brief desoription of the main suarv^eys 
oarried out "by the P3x>jeot Team speoifioally for eaoh basin* 

HAKE WD BASiy 

a) (Topography 

Topographical surveys were oarried out and maps prepared for the proposed storage 
dam sites of Tasrakayi Assarassum^ Salma and Tagau-^za^ on the Harl Bud, and Tiangi 
Shah| on the Kawgan rivery a left haJEik tributary of the Harl Bad* 

Besides, surveys were oarried out and maps prepared of the site for a diversion 
weir on the Harl Hud, and a "typical plot" within the Herat valley* 

b) Qeology 

Qeologioal investigations were oonduoted of all the dam sites on the Harl Hud 
and its tributary ICawgany Tasrakayi Assarassumi Salma, Pul-i-Sherkha j , Tagau Eaza, 
Marwa, TangL Assao and TangL Shah* QeologLoal reports and maps were prepared for 
five of these dam sites* A geologioal map was oompiled for the north-western portion 
of Af^anistan, including the Harl Hud Basin* 

o) Soils 

Soil surveys were carried out on a total area of 410, 770 hectares in the Herat 
valley* There were prepared a soil report and maps of the soils, land classification 
and land use* Chemical analyses were run on soil and water samples, and the physical 
pmperties of the soils were investigated* 

d) Hydrology 

!Qie hydrologLcal characteristics of the Harl Hud and Kawgan were described for 
each proposed storage and diversion dam sitest Assarassum, Tagaa Kaza, Tangi Shah 
and Harwa* Qauging stations were constructed at Gheckcherani Tagau Kaza and HiBrat, 
on the Harl Bud, and at TangL Azao and Langar, on the Kawgan river, and regular 
observations were taken* 

FAHAH HDD BASjy 

a) Topography 

Topographic surveys were made and maps were prepared of the potential storage dam 
sites of Lashkagar, Alikinai, and Bakshabad, on the Farah Hud* 

b) Qeolo^ 

Geologioal investigations were made of the three dam sites at Lashkagar, Alikinai 
and Bakshabad, on the Farah Hud, and of the adjoining areas* 

A report and a geological map were prepared of the central part of the Farah Hud 
basin* 

c) Soil Surveys 

Soil surveys were oarried out on a total area of 50,900 hectares in the Farah 
valley} soil report and maps of soil types, land classification, and land use were 
prepared* Soil and water samples were analysed covering the entire surveyed area, 
and the physical pMperties of the soils were investigated* 

d) Hydrology 

HydrologLcal char act eid sties were described for each of the proposed storage dam 
sites on the Farah Buds Lashkagar, Alikinai and Bakshabad* Gauging stations were 
built and equipped at Petchl-Tan^ and Daulatabad - on the S%rah Hud - and on the 
Malmand tributary of the Farah Hud on its left bankj and regular observations were 
taken* 
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KABUL BASIN 
a) ^pography 

Surveys were carried out and contour maps prepared of the proposed storage sites 
at Tangl Saidan on the Bala Maidan (upper Ka"bul river), and at Kajao on the Logar river. 

Simplified surveys were also carried out at two dam sites on the Panjshir and 
four on the GBiorband* 

"b) Geology 

Geological surveys were carried out and reports and maps prepared for the storage 
dam sites at Tangi Saidan and Kajao# A brief geological description was also prepared 
for the proposed sites on the Panjshir and GSiorhand riverso 

c) Soils 

Soil surveys were conducted in the valleys of Logar, GBiorhand, Panjshir, 
Shakardara and in the Kalaul area, on a total of 238,000 heotaa^s* A soils report and 
maps of soil types, land classification, and land use were prepared. Chemical analysis 
of soil and water samples was carried out for the surveyed aM&B. 

d) Hydrology 

lEhe hydrological characteristics of the Bala Maidan, Logar, (fiiorhand and Panjshir 
rivers at the sites of the proposed storage dams at IPangi Saidan, Kajao, Ushturshar 
and Gkxlbahar were described. A gauging station was set up on the Logar river at the 
proposed Kajao dam site. 

GHAZNI PROVINCS 

a) Otopography 

Office processing was done of the aeriaJ. photos of proposed dam sites on the 
(2iazni river, and later trips were made for inspection of these sites. 

b) Geology 

Along with the geological reconnaissance survey of the ITahar valley ajad Katawaz 
area, a hydro geological investigation was also carried out, whicih resulted in a 
reconnaissance report on the ground water conditions in this area of the country. 

o) Soils 

Soil surveys covered an area totalling 878,290 hectares, out of which: 

GBiazni valley 250,000 ha. 

Valley of the Jilga river (GSiazni tributary) 139|990 ha. 

JSfahar valley 123,400 ha. 

Katawaz area 54^900 ha. 

Dil area (a3?ound Ab-i-Istada lake) 310,000 ha. 

A soils report and maps were prepared of soil types, land classification, and 
land use. Chemical analyses were made of soil and water samples taken from the 
entire area, and the physical properties of soils in the areas were investigated. 

d) Hydrology 

A hydrological report was prepared on the water reso\irces of the Gftiazni and 
Nahar rivers. 
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ADRASKAMD BASIH 
a) Otopography 

A map was prepaxed of the Adxaskand "basin, €uid office studies were made to find 
possi"ble storage dam sites, using aerial photo gpraplis and contour maps* 

1)) Soils 

Soil surveys were carried out on a total ^rea of 155,000 hectors, covering the 
middle part of the Adraskand valley - ahove and "below Shindand, 

There were compiled a soils report and maps of soil types, land classification, 
and land use« 

Chemical analyses were made of soil and water samples, providing a coverage of 
the idiole surveyed area# 

A brief report was prepared on the physical properties of the valley soils, 
c) Hydrolo^ 

A hydrologLcal report was prepared on the water resources of the Adraskand river ^ 

!Pwo gauging stations were set up: one on the Adraskand river and the other on 
the Rud-i-GBiaz (Northern Af^anistan) - on the hi^way "bridges. 

KHASH RUD BASIF 

Based on the aerial photographs, the Engineering Geologist prepared "brief 
conclusions as to the utilization of the Khash Rud Waters for irrigation of part of 
the Bakwa valley lands. (See Volume Two, Section I, part IV). 

GBlgBRAL . 

Besides the a'bove activities in each individual "basin, the hydrology team 
installed eleven totalising rain gauges in the mountainous and desert areas. These 
cover the "basins of the following rivers: Kahul, Kundu25, Hari Rud, Parah Rud, 
Adraskand, Cliazni, Helmand ajid Mur^a'b. In the majority of cases, they enabled 
preliminary data to be obtained of the precipitation during the cold period of 1962-63. 
In all, eleven river gauging stations were set up. Of these, five were equipped with 
water level recorders, four with cable ways, and all eleven with staff gauges. Pour 
of the stations are fitted on bridge piers. All have a fixed zero of gauge expressed 
in absolute or relative values} their bearings were determined, as well as distance 
from the river mouth, catchment areas above each station, their opening dates and 
other information needed for carrying out regular hydrological observations and 
measurements. 

A hydrolo^cal yearbook has been prepared for all the stations set up by the 
Project, for the period from their inception till mid-1963. Obseanrations and 
measurements at all these gauging stations are continuing. 

11. DESIGN 

An interim plan was prepared for the reconstruction of the irrigation systems in 
the Herat valley, over a total of 131,000 ha. This includes reccmmendations for 
implementation of the reconstruction in stages, and gives preliminary estimates of the 
costs, and certain technical and economic indices. Schemes for irrigation development 
covering some 50,000 ha. in the Parah valley and a total of 107,000 ha. in the valleys 
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of the Eabal T>aaln have also "beea prepared* 

I^ellminary designs have also 1)een oarrled oat for xuiiF-off regulation of oertaln 
of the TiVBTB. Biese include desigtis of daas and reservoirsi mainly for irrigation 
developnenti at the sane time the hydropower potential of certain dam sites on eaoh 
of the rivers was. established* 

As a general xuloi all field materials were prooessed| and design work was 
carried out| in Kahuli OTery effort heing made to integrate the woiic of the different 
experts involved* 

Besides the survey activitieSi much work was done hy the soils lai>oratoryi the 
soil ch^nists making over TyOOO cmalysim on 9^2 soil samples from various parts of 
the country* !Qie soil chemists agreed that there will he a need within the next few* 
years, of a foreign expert to supervise the work of the lahoratozy, and espeoially 
to continue theoretical and practical training of the local speoialistffy as there is 
still a shortage of Qualified personnel who could assume the responsihility of running 
the laboratory and directing its operations* 
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GBAPESH 4 - MEmOOPS OF FIELD SURVEYS AMD OFFICaS TOIK 



The field and office woifc for the Project was carried out "by standard and 
generally accepted methods, suited to the "background conditions provided ty previous 
surveys, if any, and with very limited statistical data availa'ble. 

The organization of the field and office processing work is described in Chapter 
1 of this Volume • 

Below is given a brief summary of all the methods on ^diich were based the 
topographical, geological, pedologloal and hydrological investigations of the Projects 

!• Topographic Surveys Topographic Surveys were mainly concentrated on water 
storage schemes, althougji some surveys were also carried out for the purposes of 
irrigation design* 

Small scale mapping, at scales smaller than It 10,000, was done photo gramme trio- 
ally, plotting being carried out on a Zeiss stereoscope* de average scale of air 
photography used was about 1:50,000* All photo grammetric mapping can only be con- 
sidered to be of a reconnaissance standard, producing only first estimate data for 
engineering designs* 

Vertical control for air photographs was normally effected by altimetry* 
Horizontal control was either taken from advance copies of the Geological Survey 
maps, or established geodetic points, or was based on local triangulations and 
traverses* All surveys for mapping at scales 1:10,000 or larger were carried out on 
the ground by conventional survey methods* For the most part the mapping was only 
referred to a local datum* In areas where the absolute datum could be economically 
tied in, connections were ma^de by spirit-level lines* 

The Project obtained its own sets of air photographs of those areas where large 
scale investigations took place, namely the Far ah, Herat, Katawaz, Adraskazil and 
Kabul regions* As time did not permit field checking of photogrammetrio maps, little 
can be said about expected accuracies* If development proceeds on any of the 
proposed projects additional mapping will have to be carried out* 

2* Engineering Geoloar Until recently, Afgjianistan was little known geologio- 
ally except for traverses made by (iriesbach, Hayden, Fox, Bouie, [Rromp, Popol and 
Hunger* Systematic geolo^oal survey work is now being undertaken in the north of 
the country with the assistance of Soviet scientists, and in the east by the German 
Geological Mission in Af^anistan* The greater part of the areas with yihldb. the 
Project was concerned had, however, been little explored, and it was necessary to 
make photo geological studies in order to form a regional stiruotiiral background* 
Ground reconnaissance was carried out over the routes idiioh were travelled* 
Particular sites and reservoir basins were selected from the air photographs, and 
these were then visited on the ground. If a site was considered to be feasible for 
dam construction, a detailed survey on the scale of 1:2,000 or 1:2,500 was made by 
the topographical group* These maps were the basis for geological mapping of dam 
sites, while the air photographs were used for reservoir studies* It was only 
towards the end of the work that the Qoverment topographical maps on the scale of 
1:30,000 were available over parts of the river basins under study* 
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3. Soil Survey and Land Classifioation The investigations on the soils and land 
use of the project area had four objectives: ' 

- Classifioation and reconnaissance sarvey of soils according to their 
morpho-genetic characteristics; the final product of which is a 
hase soil map. 

- Land classification "based on the suitability 'of soils for irrigation. 
This results in a land suitability map. 

- Description of land use under existing conditions. 

- Evaluation of the possibility of developing irrigation on non- 
cultivated areas. 

A soil map and a land suitability map were made of the various basins covered 
by the project. The total area surveyed amounts to over 1.7 million hectares. The 
maps were based on aerial photographs at the scale of 1$ 50.000 or 1:76.000. The 
final maps are at the scale of 1:100.000. 

The soil survey was based on profile examination along cross sections of the 
valleys or basins. Various laboratory determination as detailed in Vol. IV were made 
in addition to the field work* 

The land capability map is an interpretation of the basic soil map. It shows 
the distribution of soils according to their general suitability for irrigation* All 
surveys made were on a reconnaissance standard. 

The Soil Maps 

The various basins surweyed are located at altitudes of from a few hundred 
meters in the Farah valley to over 2,000 m. in the (2iazni valleyj their geology, 
vegetation, climate and soils vary considerably. In view of this it was decided to 
have a separate soil legend for eadh basin. The various legends have, however, much 
in common and are based on a associations of groups of soils, with some reference to 
characteristics of the soils which are hi^y important for irrigation, such as 
texture of the parent material^ salt content, stoniness, or natural drainage. The 
legends for each basin are briefly described below $ a more detailed description of 
the mapping units and representative soils is given in Volume IV of the Report, ••Soil 
Survey and Land Classif ication^^ • 

Land Suitability Mars 

From the basic soil map, land suitability maps were made at the same scale. 
The suitability olassifioatioti for irrigation is based on internal and external soil 
charactertistics which are significant for this purpose, such as texture and thickness, 
nature of the underlying material, stoniness, permeability and water-holding capacity, 
salinity, erosion, slope and flood hazard. 

A uniform classification was used for the various valleys. It does not mean, by 
the way, that the same irrigation techniques can be used for the same olass in each 
basin. Local conditions of climate, crops, water availability, farmers' ability, and 
presumably, other economical factors have to be taken into consideration. However 
important, soil is only one factor of crop production and agricidtural development, 
and the only aim of the suitability classification is to show that soils in one class 
have approximately equivalent potentialities under irrigation. 



31 



Six olasses, Yarylng from land most suitable for irrigation to the non-irrigable 
land ware astablishad. The olassas vara sub-dirided into sub-olasses aooording to the 
nature of the limitations of the land use \ander irrigation. 

Four sub-olasses were usually separated! 

A - Sub-olass of salinity. 

S - Sub-olass of texture^ thioknessi or permeability. 
T - Sub-Glass of topographical conditions and erosion. 
¥ - Sub-olass of natural drainage, vater table. 

Land Classification Types 

Class If Very suitable for irrigation - deep medium textured soils, good permea- 
bility and vater-holding capacity i no salinity $ high fertility status; no erosion, 
no water table or flood problems i flat or gently xmdulating topography. 

Class III Moderately suitable for irrigation ? The soils hare a lover capability 
than Class I soils, due to moderate limitations in relation to one of the aboTementioned 
factors. They may require a limited amoimt of vork - land levelling including bench 
levelling - vind or vater erosion control - special tillage operation - removal of rooks, 
trees, - high quantities of fertilisers - salinity control. 

Class III: Marginally suitable for irrigation - The soils require a very special 
emd ustmlly expensive management, due to major limitations of their use under irrigation, 
they may require extensive vork in levelling a rough micro- topography, or terracing on 
steep slopes, or control of salinity and alkalinity. Some soils of this class have a 
very lov vater-holding capacity due to a coarse texture or shallovness, or a very lev 
fertility status. 

Class IV: Hon-arable land. Hot suitable for irrigation^ except under special 

conditions - The soils are not suitable for annual crops, due to shallov- 
ness, slope, flood hazard, natural drainage, or salinity. They may be irrigated under 
special conditions such as abundant vater supply, or proximity of densely populated 
area, and should be used in accordwce vith their capacity: e.g. for perennial pasttire, 
or forage, production of firevood, etc. 

Class V: Non-arable land: undetermined suitability for irrigation - The limit- 
ations mainly due to salinity, alkalinity or topography are so important that \ander 
the present conditions the soils do not seem suitable for irrigation. Further studies 
are event\aally needed to evaluate their capability for irrigation, especially sprinkling 
irrigation. 

Class YI: Kon-irrigable land - This class includes hilly and motmtainous areas, 
river vash, stream beds, extremely rocky or gravelly areas, sand dimes, marshes, salt 
and alkali flats. 

4» Hydrological Investigations Field hydrological investigations involved the 
establishment of permanent gauging stations at points vhere dam sites vere chosen for 
construction of reservoirs, and the observation of discharges and vater levels at these 
stations. All the stations vere provided vith staff -gaxige observers. 

At stations vithout level recorders, vater level observations vere made tvice a 
day (mornings and evenings) $ vhere recorders vere installed, staff observations vere 
made once daily, and record rolls vere changed every 30 days. 
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The measurements of velocities and stream depths, as well as levelling work and 
selection of samples for silt-charge testing was periodically done by visiting 
specialists* 

All the records at the gauging stations were kept in the Persian language (P^si). 

The completed rolls and observers* water level records were collected by the 
visiting specialists once every two-three months* The observers* records were trans- 
lated into English and analysed, and then the daily water levels were computed and 
compiled in annual tables. Discharge curves were based on water levels and discharges, 
and from them the daily discharges, and the monthly and annual run-offs, were computed. 

Because of the very short series of hydrological observations, the data observed 
at the stations set up under the Project were not sufficient to meet requirements, 
since it was necessary to make computations for hydrological descriptions covering a 
considerable period of years. In this connection, use was made of hydrometrio 
materials of observations and measurements conducted by other agencies in the basins 
of the Farah Rud, Kabul and Helmand rivers. Therefore, all the 24 hydrological 
descriptions were computed on the basis of analogues, with the help of mathematical 
statistics, through the use of approximate methods, as described in Voltame III - 
Hydrology. 

Every hydrological description includes the calculations of normal annual run-off, 
annual run-off fluctuations, maximum discharges, minimum discharges and the mean annual 
sediment discharge. 

The expression a "year of probability" is discussed in Volume III - Hydrology - 
Chapter 5. In effect, in this Report it is taken to mean a year such that its dis- 
charge (whether mean, maximum or minimxam) will probably be reached or exceeded in X 
years out of 100. For example, a year of 75^ probability is a low year, below the 
average; a year of 209& probability is a high year above the average. 

5. The processing and appraisal of all the field records was done, as a rule, in 
Kabul, in consultation between all concerned in the various aspects of the Project. 
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S^CTIOir II - BASIN OP HARI HJD 



GHAPOMB 5 - DESCBIPTION OF BASIN 



!• Gfeneral Information The Hai^i iiud rises in the mountains of Central Af^anistan, 
its principal watersheds being the Paropamismus mountains and other western ranges 
of the Hindu-Kush, It is formed near the village of Shalchin "by the confluence of 
several mountain streams, x^diich flow down the slopes of the Kuh-i-Baba range, from 
sources at altitudes of about 4000 m# The Hari Rud is one of the main riv«rs of 
Vfestern Hindu-Kush. In its upper and middle reaches it flows westwards as far as the 
village of Kohsan, some 56O Km« from its source. It then turns northwards; for some 
90 Km. it forms the "boundary between Af^anistan and Iran, and thereafter the boundary 
between USSE and Iran; in these reaches the river is called the Ted j en. 

The Hari Sud basin is very extensivej its area within Af^anistan is about 
39 f 300 sq,.km. Its width fluctuates from 40 to 100 km. Some 7^ of the catchment 
areas are below 1200 m. and runoff from these areas is very small. 

The tributary system is better developed on the left-banlc of the river. The 
main left-bank tributary of the Eaxl Rud within Af^anistan is the Kawgan river, about 
260 Km. long, whose catchment is 782O sq. km. 

The main ri^t tributary is the Korrukh river, flowing into the Hari Hud a few km. 
upstreaa of Herat. The catchment area of this tributary is 1720 sq.»3an. and its 
length is 95 km. 

Within Af^anistan down to the village of Obeh the river flows in a mountain 
valley ^diose slopes are partlj cultivated, or used as pastures. Below Obeh, and 
especially after its confluence with the Kawgan, the basin of the river widens 
out to form the valley of Herat, one of the most populated in the country, with well- 
developed irrigated faraing. The Herat valley is irrigated with scores of canals 
having independent intakes from the 3?iver. The canals vary in length from 2 to 40 km., 
and have discharge capacities from 100 l/seo. to 6 m-^/sec* Downstream of Herat, which 
stands at 930 m. above sea-level, as a result of extensive water diversion for 
irrigation, there is no river ru3>-off , as a rule, during the low water season. 

Everywhere in the Hari Sud valley, especially upstream of Herat city, the slopes 
are cut by numerous streams idiioh flow intermittently. When rainstorms occur, these 
send down flows laden with mud asad shingle, which may reach 30 m^sec, and idiich 
often cause considerable damage to farmsteads, destroying the irrigation canals and 
ruining crops. In individual years, vast debris-laden floods often sweep away hioman 
habitations, especially those of nomads, with loss of hiiman life and livestock. For 
instance, in the spring of 1963, debaris flows in the Hari Rud valley caused over 100 
human deaths and the loss of several hundred hea^ of cattle. 

2. Climate of the Basin Tha mauntainousL terrain with deep-cut valleys and relatively 
hi^ watershed ranges, creates a great variety of climates in the basin, determined 
in detail by the elevation a^bove sea level and relief orography. In this respect 
as well as in topography, the basin oaxtbe divided into the following three 2K>nesi 

i) Plains and foothills; 
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ii) Medium-hi^ mountains with altitudes of IOOO-25OO m«j 
iii) Hi^ mountains* 

Baoh of these zones has its owa. diversity of local climates. 

^) Air temperatures 

In the zone of plains and foothills, the mean monthly air temperature over the 
entire year stays ahove zero. The coldest month is January, with a mean monthly air 
temperature over many yeaifs of atout 3^Cj the warmest month is July (30^0). Hi^ 
temperatures (above 25^) continue ftom mid-May till midU-Septemher. In the spring and 
autumn, ni^t frosts occur. Scwietimes in winter the temperature falls to - 15^0. 

In the second zone, particularly in its upper part, the seasons of the year are 
rather well pronounced* Mean daily temperatures range over 20-25^ in the summer. In 
the upper part of this zone the three winter months have a mean monthly air temperature 
below O^C. 



In the high mountain zone of the basin, the cold season lasts much longer. The 
winter with rather hard fj?osts lasts 4 to 5 months. HiBre in the summer mean monthly 
air temperatures do not reach 20^0. 



As there is only one meteorologioal station in the basin area (that in Herat 
City), the description of climate is based mostly on estimated figares. 

Table 6 gives estimated air temperatures for various altitudes in the basin, as 
well as the actual temperatures taken at the Herat Station. 

TABLE 6 

MMH MONTHLY AIH TilMPimATURBS 111 EAEL HJD BASIIT 

Areas and Mean Monthly Air TemDeratures (in degrees Centigrade) Mean annual 

altitude Jan Feb Mar Apr May Jun Jul Aug Sep Opt jfoy Deo temperature 

3000 m. -10.3 -8.5-1.0 2.6 10.4 14*6 18.0 14#9 9.4 3*0 -4*0 -9.9 3*3 
Tangi Azao 

(2300 m) - 7.6 -6,5 3.4 9.6 13.8 17.5 20.8 20.7 15.6 8.1 1.7 -2.5 7.9 

Tagau— Gaza 

(1500 m) - 1.7 0.2 7#5 13.7 23a 26.1 24*9 19*6 12.6 5*4 0.8 12.6 

Herat 

(975 m) 2.9 5#2 10.6 16.8 22^4 27*3 30.1 28.0 22.6 16.1 8.2 3.3 16.1 



It can be assumed that in the remaining parts of the river basin, downstream of 
Herat, the air temperatures are near those of Herat. 
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In all the hi^ mountain zones rainfall occurs only during the period Hovemher- 
May. ae dry period lasts from June to Octoher, ^en rain falls only rarely. 

In the lower part of the hasin, precipitation usually occurs as rainfall} when 
snow falls, it usually melts in a few days. 

a?o indicate ixreci pi tations in the «one of plains arid foothills, Tahle 7 gives 
data collected by the Herat weather station: 

TABLE 7 

EEBAT dTY - MM MOimiLY PBEOEPITilTIOlf 

Mean Monthly Precipitation in MM . 

Jan Feh Mar Aj£ May June July Aug Sept Oct Fov J)ec Total for 
_ — . — ~ year 

48.0 41*0 38.0 28.3 2.8 0.4 0 0 0 3*0 9*4 40.7 212.0 



An indication of the precipitation in the hasin^s upper zones is given in Volrime 
III (Hydrology). This volime includes a sketch map of precipitation in Af^anistan, 
as well as one-year data on precipitation in the medium hi^-zones of the rivers of 
the country, collected with the help of totalising raingauges set up "by the Eroject's 
hydrology team. In the mountain areas of the hasin, that is idiere the run-off 
originates, mean annual rainfall would appear to he 300-400 mm. 

c) Evaporation 

Relatively hi^ temperatures, small rainfalls, and low humidities create the 
conditions for intense evaporation, especially in the lower zones. Unfortunately, 
there are no available ohserved data on evaporation from water surfaces in areas of 
possible reservoir construction: Assarassum, Salma, Tangi Azao and Tangi Shah. The 
Hydrologist of the Project therefore made special estimates of evaporation rates, as 
given in Table 8. 

TABLE 8 

HARI ROD - ESTIMTiia) MMH MOMHLY EVAPORATIOH FBOK WATER 

SUHPAGE - IN MILLIMETRES 



Name of 














Area 


Jan 


Peh 


Mar 


Apr 


May 


Jun 


Assarassum 


70 


50 


110 


130 


160 


200 


Tagau Gaza 














(or Salma) 


60 


80 


120 


140 


180 


230 


Tangi Azao 


30 


40 


100 


120 


150 


180 


Tangi Shah 


70 


80 


130 


140 


190 


250 


Herat 


70 


100 


140 


160 


220 


270 



Yeeurly 



Jul 


Aug 


Sep 


Oct 


Hbv 


Deo 


^tal 


220 


200 


140 


100 


80 


40 


1470 


240 


230 


160 


120 


80 


60 


1700 


200 


180 


130 


90 


50 


30 


1300 


260 


240 


170 


140 


80 


70 


1820 


300 


270 


180 


150 


90 


70 


2020 
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Bstiiiiated evaporation Talues ahould l^e oonsidered apptpoxlaate, m a number of 
asfitomptions were made in their determination! for example, it vas assumed that the 
air humidity at all the places listed is identical with that at the Herat meteor- 
ologioal station* Such an assump Ion is liable to cause some errors in the resultsi 
however, the estimated values ahould he reasonably close to the actual ones* !Ihis 
conclusion is based on analysis of the air humidity for the weath# stations at Herat 
Kabul and Qhamii, located in different parts of Afgjianistan and at different heists. 

3« Flora an d Fauna The Hari Bud basin, in common with most of Western Af^anistan 
has extremely limited vegetation and animal life, large on account of the extr«ne 
climatic and topographioal conditions. Such as there is, shows the vertical zonality 
usual in areas of rapidly changing altitude. Vegetation in the watershed areas, 
^ioh carry no resident poittlation, retains its primitive character, but in some of 
the hifijkier rocky mountain areas there is virtually no plant life at all. 

The middle zone, with its deeply out valleys and debris-hoovered stream beds, 
shows a little more life. Some herbage, shrubs such as juniper, and scattered 
deciduous trees occur j animals include hares, foxes and occasional wolves. Lower 
down still, camel thorn is typical on the fallow lands, with herbaceous labiate and 
mimosa species} other families, including Ckmpositae. are represented as weeds in 
the cropped areas, €uid other again on saline soils. Plantations of pines and 
mulberries, vineyards and orchards of apples, apricots, pears, pomegranates, etc., 
are evident lound the villages and towns. 

In the lowest parts of the basin, vegetation is mainly represented by isolated 
low-growing shrubs, mostly Mimosae. The characteristic feature of such sub-desert 
regLons is the formation of sandy mounds among the shrub roots, the result of wind 
erosion. Herbaceous deep-rooted mints and Compositae also occur. Most plant species 
are used primarily for fodder^cmd where possible, for fuel^ 

4« Bojpulation In the absence of official census figures, the population of Herat 
Province is considered to be about 1.3 millicnf Herat city is said to have a 
population of about 160,0CX)# About 6g^ of the people are Af^ans, ^ile Takiks and 
Uzbeks predominate among the other races. The majority of the people are imslim- 
sunnites. Agriculture and animal husbandry are the main occupations, only about 
lOJb of the working population being employed in commerce, construction or other 
industries. 

As elseidiere in Af ^anistan, the distribution of the population is very uneven; 
the mountainous regS-ons which occupy over 70?^ of the region are unpopulated except 
for nomadic herdsmen. Ihe greater part of the population is therefore concentrated 
in the valleys of the Hari Rud and other rivers, where natural conditions peimit 
irrigated agriculture, and ^ere agricultural development can take place as further 
irrigation facilities become available. 

5« Roads and Communications Herat itself, in the heart of the area scheduled for 
irrigation development, is lijiked with the circular hi^way vhldh is the principal 
truxdcroad of the country, and is also one tezminal of the east-west road that passes 
ri£^t through the country to link Pakistan with Iran. IThis second road traverses 
the Hari Hud basin and if improved to take heavy traffic and made open for heavy 
traffic, it could serve as the main route for all materials required in irrigation 
development and dam construction. At present, however, it is closed in winter and 
unmotorable for much of the spring. Branch access roadis would need to be constructed 
to the dam sites. ^ 
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Dirt traoks oonneot the tonns and vlllageB vlth the main roads; thou^ often 
steep and nairrovi vith nahreahift hridgeSi they are motorable for moh of the year« 
Herat has its own fleet of Imses amd lorries^ the latter mainly used for transporting 
goods entering the oountry from the Soviet Union and Iran# Frovinoial passenger 
and goods transport inoreases annually* Present oil storage in Herat oomprises a 
reservoir of 800 m^i there are several filling stations* Hovever^ muoh of the looal 
transport is still and is likely to remain, by padk animals* 

Herat has an airport, recently reoqnstruoted, with oonneotion hy Ariana Afghan 
Airlines with Kandahar, Kabul, Maimana, llasiaz^i-Sherif and Eondus* fhere is a 
scattered provincial postal system* Line teleiihone and telegraib systens run throu^ 
Herat to connect Kabul with Iran, passing throu^ the centre of the basin, but within 
the province and in Herat itself, tele-communications are very limited, with battery- 
powered exchanges* Hhere is radio-telegraphic communication^ however, with Kabul and 
with other provincial capitals* 
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GBAPOSSl 6 - SOILS AUD PHESENT LAHD USE 



!• General Information Soil surveys in the Hari Bud valley were restrioted mainly 
to the Herat and Oiurian valleySi respectively east and vest of Herat city, which 
foim the principal cultivated areas of the Herat Province* (Biese valley lands consist 
mainly of terrace deposits of mixed talus-alluvial-loess origins* Some arecus have a 
thick cover formed hy lon^practised irrigation* The irrigated soils can he classed 
as hrown soils, and the uncultivated desert soils as sierozems* Here also may he 
included the hadly drained saline soils idiich foxm a significant pctrt of the areas 
surveyed* One feature is characteristic of the whole area; this is the ahsence of 
impermeahle horizons or cement sub-soil strata* The soils are friahle idien moistened* 
The top horizon has a rather hrown tint, which at greater depths hecomes darker* The 
loose surface soil is mixed with sand and fine gravel, hlown hy wind* It is helieved 
that the surface deposists are underlain hy limestones and Flysch^ with tertiary 
clays and congLomerates* 

Outside the cultivated lands in the valley, on hoth sides of the river, are 
rooky slopes of infertile dehris washed down from the hills* The soil survey in the 
Hari Bud covered a total of 410^ 770 ha* It comprised, mainly, the Herat valley 
extending from the village of Oheh, 90 air Km* upstream fxom Herat, to the district 
centre of (Smrian, 63 air Em* downstream, a^ well as the valley soils up to 20 Km* 
east of Oheh and 30 Km* west of C2iurian* 

2* Land Resources of the Basin Tahle 9 gives data on the land classification for 
the surveyed areas of the Hari Bad valley* The classification follows that defined 
in Caiapter /49 paragraph 3# 

TABLE 9 

HABI ROD - LAHD SUITABILITY GLASSIKLCATIOir OF ABEAS SaBVBIKD 



Class 


I 


ML 




Class 


II 


75,730 


ha* 


Class 


III 


63,700 


ha* 


Class 


IV 


84,930 


ha* 


Class 


V 


50,760 


ha* 


Class 


VI 


125,650 


ha* 






410,770 


ha* 



3* Use of Land Under Present Conditions The agricult\2ral population is dense in 
the valley around Herat; hecause of its protected situation, this valley has since 
ancient times attracted a settled agricultural population Khich have created here a 
specialised culture* 

Availahility of water, gentle topography, ease of drainage, relatively deep cmd 
easily-tillahle soils have contributed to the developoaent of intensive farming* 
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©le dryness of the air in the valley, situated at the edge of the desert at an 
average altitude of 1000 m,, is moderated hy the artificial irrigation and the looal 
winds which blow from lI«N«£o for 120 days at a stretoh, in the season from May to 
Sept^her, ooming from CraLioral Asia over the Paropami sua range « 

!I!he cultivated lands are primarily owned "by "big l€mdh.olders who, as a rule, do 
not work the land themselves, hut rent it out to peasants/ 

Holdings of petty owners are extremely small (0»3 to 1.6 ha«)« lEhou^ free 
lands are available, fit for irrigated agriculture, water shortage under present 
conditions prevents them from being put under cultivation Therefore, while 
practicing the crop-fallow system of irrigation, the peasants are simultaneously 
engaged in intensive farming on the plots adjoining the villages. In fact, the fields 
look relatively presentable, the plots being divided into small checks some of which 
are fenced-in with low mud walls* Up to 100 varieties of plants are cultivated in 
the Herat valley; sometimes patches of vegetables are grown in the fields, in 
rotation with field crops; field crops include ^dieat, barley, millet, maize, pulses 
ranging from horse beans to lubia; oil bearing plants, thou^ sometimes only in small 
patches; sesame, flax, rocket-salad, uplands-cress, castor-beans; cotton, alfalfa, 
Persian clover, Qpeek clover, hemp, tobacco, melons; figs, pomegranates, peaches, 
apricots, apples, pears, plxims, mulberry. 

As wooden stakes are scarce, mud walls are used to support the grape-vines. 

Vegetable gardens are usually close to the village and enclosed by mud walls. 
Here also is a wide variety of plants: apart from the popular eggplants, fall 
radishes, turnips, onions, garlic, carrots, spinach, cucumbers, tarra, pumpkins, 
luffa, one can see a range of spices and medicinal plants such as dill, coriander, 
mint, "azhgon", cumin. 

There is no generally adopted crop rotation, and vdieat, barley, rocket-salad and 
chick pea are distributed comparatively freely. As a rule, however, pulses are grown 
after grains. Cotton and rice are usually sown after Persian clover, but never after 
barley. 

On the intensively cultivated lands, the autumn-sown crops indudei wheat, 
barley, alfalfa, Persian clover, rocket-salad ( Eruca sativa). Yicia fava . In the 
spring or early summer are planted peas, lubia, chick pea, cotton, rice, melons, hemp, 
maize, gourds, tobacco, vegetables (carrots, roots, etc.); the summer sowing lasts 
till July. Millet, '"mash", and often even tobacco, are sown in July after i^eat and 
barley are harvested. Cotton comes next, and the only exception is made for rioei 
it is sown as a first crop in April. Alfalfa is grown for many years in succession. 

The proportions of crops according to their share in the acreage sown is approx- 
imately as follows: l) >jheat, 2) barley, 3) alfalfa, 4) cotton, 5) rice, and 
6) melons (largely Cuoumis melo). Of relatively secondary importance are: rocket- 
salad, lentils, peas, chick peas, millet and other varieties. 

Mineral fertilizer is practically not used in the valley, but earth and organic 
manures are widely applied every year on the extensively cultivated lands and mainly 
for summer crops. In the Herat streets, as well as in the villages, women and 
children can be seen diligently collecting cattle manure. All the Herat Province 
abounds in pigeon-houses, towering structures ^ich can be mistaken fa?om a distance 
for mosques. There are h-undreds of them in the Herat valley alone, idaere they form 
a distinguishing architectural feature; they are not built for the sake of breeding 
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pigeons, "but just for the production of pigeon dung, irhidh is hi^y valued as a very 
effective natural fertilizer. The earth left after the danolition of mud structures 
and walls is also utilised as fertilizer. Fertilizers are applied hut once a year, 
either in spring or in autumn. Each hectare receives ahout 25 tons of earth manure 
with an addition of dung and other fertilizer. 

Tahle 10 gives figures of current land use: 



TABLE 10 



HAiO: HUD - mSTING LAND USE 



1. Lands cultivated for irrigated farming 

(of which intensively cultivated and irrigated) 



157f260 hectares 
(54,700 hectares) 



2. Saline lands used as pastures 



16,240 hectares 



3. Desert lands used as pastures 

4. Foothill and hilly (undulating) lands used 
as pastures 



68,000 hectares 



169,270 hectares 



410,770 hectares 



Water for irrigation of the lands is drawn mostly from the Hari Bad, hut also 
in part from underground waters hy '"karezes". 

Despite the fact that over 157,000 ha. are intermittently cultivated for 
irrigation, the area of annually cultivated and irrigated lands does not exceed 
55,000 ha., since annual irrigation involves only the lands that can he provided with 
irrigation water under the natural regime of the river. The area under summer crops 
does not exceed 20?^ of the total annually irrigated acreage, the remaining 80-85^ 
heing under winter crops. 

On the whole, agriculture is "based on the crop-fallow system, which is necessary 
here, under the existing farming conditions, for regeneration of the fertility of 
the soils. 

Ahsence of any control of v/ater use has created conditions in idiich the original 
river water is almost fully taken hy the irrigation canals of the upper valley, 
leaving only water already used for the irrigation of the lower valley. Therefore, 
\dierease there remain fallow, on the average, up to 50?^ "tii© upper valley lands, 
over 75^ of the irrigahle lands in the lower valley have to he left fallow. The 
yields of grain crops in the upper valley are consequently good^ "(diereas in -t^e lower 
valley they rarely exceed f iVB to six times the amount of grain, sowziy due to lack of 
irrigation water. 

The desert areas adjoining the valley lands on the west are used as pastures. 
During the winter and spring months, many nomads can he seen here with vast herds 
of animals (sheep, goats, donkeys, camels and homed cattle) making use of the 
grazing. 
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GHAPm 7 - HYDBOLOGY 



1. Introduotion This chapter gives the general hydrologioal characteristics of 
the Hari Hud and Kawgan rivers at the potential sites for storage dams: Assarassum, 
Tagau Gaza, Marwa, Salma, Tangi Azao and Tangi Shah, which axe discussed in Chapter 
8. Volume III of this fieport - Hydrology - gives hydrologioal particulars for 
each of these sites, available for the design of hydraulic structures. 

2. Initial Data The following materials have been used for the estimation of the 
Hari Bud water resources: 

(i) Hydrologioal observations in the Hari Hud basin, made by the Hydrology 
Group of the Project Team, for the period from 196I to 1963? 

(ii) Data on the run-off of the Hari Hud (Tedjen) and Murgab rivers, observed 
at the Pul-i-IChatum and Takhta-Bazar gauging stations in USSH territory; 

(iii) Data on the run-off of the Af^an rivers published in the Soviet Union 
in the work by V.P, Schultz '^Experience in Computing the Surface Water Resources of 
Afghanistan"; 

(iv) Data supplied by the Helmand Valley Authority for the rivers of Ar^andab 
(1948-I96I) and Khash Hud (1954-1959)5 

(v) Data collected by the German Hydrological Mssion in Afghanistan and the 
expedition of "Sredazgiprovodkhlopok" Tashkent Designing Institute on the sediment 
discharge of the Kabul, Jilga and Kharwar rivers, as well as data on the silt charge 
of the Hari Hud collected at the Tagau Gaza and Herat gauging stations, during the 
flood periods of 1962 and 1963, by the Hydrological Group of this Project. 

Systematic hydrological observations in the Hfitri Hud basin within Afg^ianistan 
were started at the end of I96I by the hydrologists of the Project in cooperation 
with Afghan counterparts. From I96I till mid-1963, five gauging stations were set 
up, of which 4 are equipped with automatic level recorders and cableways. 

The waters of the Hari Hud, as used for irrigation, are average in their proper- 
ties - with a low proportion of exchangeable sodium and a conductivity a little above 
average. As the irrigated lands have good vertical drainage, the waters of this river 
are presently used without visible effects in altering the soil conditions. However, 
if in the future the trend will be towards development of intense irrigated farming 
on additional areas upstream of the existing irrigation, it will probably become 
necessary to adopt measures for land reclamation, the nature and extent of which can 
be decided after further research and design at the next pre-construction stage of 
surveys. 

3. River Regime The main featiires of the water regime of the Hari Hud, as of 
other rivers of Af^anistan, result from the peculiarities of climate and the relief 
of the area. These peculiarities are: the comparatively low elevation of the catch- 
ments 5 the instability of the snow cover at heists below 2000 m., and the occurr- 
ence of precipitation only during the cold season, it being almost totally lacking 
during the months of June-September. 
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The instability of the snow cover below 2000 m., as well as the ooourrenoe of 
preoipitation in the flatland and foothill zones mainly in the shape of rainfall, 
cause increased runoffs in the middle and lower reaches of the river during the 
winter, compared with the low water in the summer. In the upper part of the basins, 
these features do not occur} water discharges are similar during the winter and 
summer low-water periods, ■■."1.^+ cuiu. 

Floods usually begin in March, reach their peak in April or early in Mav. and 
then begin to diminish. In the upper river, almost constant disch^J ^e obse^d 
i?^^^-" V, ^"^^'^v.^^r instance, from August tni January the 

^i^f S*^^ station are about 6-7 mVseo. Lower down^e 

river, due to water diversion for irrigation, the lun-off practically ceases from 
June-July and begins again only in the second half of December. 

f i J?^^»ot°^f "^^^^^^ estimation of the normal annual run-off 

for individual metering sections on the Hari Hud and its main tributary, the 
Kawgan, are described in Volume III. In this chapter only the main fijires are 

SZ rlV u f f °r ^ams or diversion works: AssSSssu? 

Tagau Gaza, Marwa, Tangi Azao and Tangi Shahj of these, the first three sites 
are on the Hari Hud, and the other two on the Kawgan. In addition, data are 

t^He^fof ?r^:T3lXoVlT55f ^^-^-^^^ station in Turkmenistan over 

The run-off values at these sites are given in Table 11, 



TABLE 11 



HARI HDD BASIU - MEAff MDBMAL HPN-OFFS 



Normal Annual Hunoff 



Names of Sites 



Assarasum Tagau Kaza Marwa Tangi Azao 



Discharge (m^seo) 
Annual Hunoff (Km3) 



33.0 
1.0 



45.0 
1.4 



65,0 
2.0 



Tangi Shah Pul-i- 

Khatum 



8.0 
0.25 



15.0 
0.47 



30.9 
0.98 



Pul-i-Khatum is only about half of the estimated run-off 
sL!S^; ?2 catchment area at the former point exceeds that at Se 

fS i'L^StSSn! "^'^ ^ ion Of' 

Jj" the whole valley of the Hari Hud within Afghanistan approximately 55,000 ha 

SL !^d'?S^^±. t't" *^^*i?"' Provides irrigation wa?er to «eas In* 

Iran «id the Soviet Union. It can be assumed that not less than 1.5 Km^ water la 

SJS™^^ ^^Tl^^ for irrigation in Af^anistan, Iran and the uSr do™ to^Ei^ 
m^!l^ha^J^ Jif^ oo"^?*^*'": irrigation with the observed ™n-^f f at 

Pul-i-Khatum, the noimal annual natural run-off at this point would be abnu* o\ ir™3 
representing a mean annual discharge of 78 m3/sec. *^ ^ 
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Analysis of the hydxologioal data shows that the oatchment areas downstream of 
Marwa do not provide any significant paxt of the run-off of the Hari fiud. 

5. Fluctuations of Annual Bun«-Off In line with common tendencies in the fluct- 
uations of annual runoff in mountainous regions, it appears that in Af^anistan the 
magnitudes of variations in the annual run-off diminish with increases in the mean 
elevation of the catchment areas. 

The data available for the rivers of Afghanistan, and in particular for the 
rivers Mur^ab, Parah Rud, and Argjiandab situated not far from the Hari Rud, confirm 
this conclusion. On the basis of data for these rivers plus the foimila derived by 
the Soviet hydrologist V.L. Schultz, a probability curve has been defined which 
enables the fluctuations of the annual run-off for a period of any required duration 
to be estimated. 

The estimated fluctuations of the annual run-off over a hundred-year period 
for the five potential dam sites in the Hari Bud basin are as follows: 

TABLE 12 

HABI BID BASiy - iiiSTIMATlilD WATER DISCHARGBS OF DIFFi^RSNT 

^PROBABILITIES 



Estimated normal annual discharges in mVsec. with ^ge probability 



Locality 


3^ 






10^ 


20^ 




2^ 




979^ 99^ 


Assarassum 


60 


54 


51 


46 


41 


32 


26 


19 


17 14 


Tagau Gaza 


82 


74 


69 


63 


56 


44 


35 


25 


23 20 


Marwa 


125 


114 


106 


96 


83 


62 


48 


33 


29 24 


Tangi Azao 


15.9 


14.0 


13.1 


11.7 


10.2 


7.7 


6.0 


4.0 


3.6 3.0 


Tangi Shah 


30 


26 


25 


22 


19 


14 


11 


8 


7 6 



* Probability - see Glossary 

6. Annual Distribution of Sti*eam-Flow All the rivers of Af^anistan, including 
the Hari Rud, are characterized by an irregular distribution of the run-off within 
the year. This distribution over the months and seasons, in percent, of the annual 
run-off, is similar for the various dam sites on the Hari Rud river. An analogous 
condition is observed on the Kawgan river, but th^ annual distribution is different, 
because during the cold season more precipitation occurs as rainfall in the Kawgan 
basin than in the Hari Rud. This results in increased discharges on the Kawgan 
in the autumn-winter months, which raises the proportion of the annual run-off for 
these months. In contrast, on the Hari Rud upstream of the potential dam sites, 
the major portion of the precipitation is snow, ^ich, as it melts, causes a 
relatively hi^er and more lasting flood than that of the Kawgan. 

The stream-flow distribution in percent, of the annual run-off s for an average 
and a low year are given below for the Hari Rud and Kawgan rivers: 
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Type of Year 



1. Hari Rud 
Average year 
Low year 1962 

2« Kawgan 
Average year 
Low year 1962 



TABLE 13 

HAHI HDD BASIH - AMMUAL BUW-OFF DISTBIBUniOlT IN ^ 



Jan Fel} Mar Apr May Jun Jul 

i> <f> i. % <f« <fo i> 



Aug Sep 



Oct 



Bbv Deo 

9& ^ 



Yearly 
Total 



4 5 14 24 20 10 5 4 3 3.5 3.5 4 100 
1.5 2.6 7.9 35*9 32.8 8.6 2.6 1.6 1.6 1.8 1.7 1.6 100 



6.5 7 13 20 18 7 5 4 4 4.5 5 6 100 
9.4 10.9 13.1 17 10.9 4.1 3 3.5 4.7 6.3 8.1 8.5 100 



It oan be seen from this table that the following three seasons can be disting^ 
uished for all years: spring, summer low-water period, and autiimn-winter low-water 
period. 

The following table shows the seasonal distributions of the annual flows. 

TABLE 14 

HABI HID BAS12J - SEASONAL. ETOOFF DISTRIBUTION IN jo 



Type of Year 



Hari Bad 
Average year 
Dry year 1962 

Kawgan 
Average year 
Dry year I962 



Spring 
(Mar-June) 



68.0 
85.2 



58.0 
45*1 



Summer 
(July-Sept) 



12.0 
7.4 



13.0 
11.6 



Autumn-Winter 
(Oot-Feb) 



20.0 
7.4 



29*0 
43.3 



Yearly 
Total 



100 
100 



loo 

100 



Remark; To convert the percentage indices to run-off Quantities, it is' 
necessary to use for normal years the annual discharges given 
in Table 9, and for dry years the following discharges: 
Assarassum - 22.6 m^/sec; Tagau Gaza - 35.8 m^/sec.t 
Marwa - 50 m3/sec.5 Tangi Azao - 2.5 m3/sec. and Tangi Shah 
- 6 m3/sec. 

7. Maxlmiim Discharges Maximum dischsLTges of the Hari Rud occur during the flood 
period, and they differ somewhat in their origin for each of the dam sites. 

Snow-melt waters play the most important role in the foa?mation of maximum dis- 
charge at all sites • However, in the middle atnd lower courses of the river maximum 
discharges may increase because of rainfall occurring at the time snow is melting 
in the mountains • 
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As the snowHnelt waters constitute the main component of the maTimupi discharges, 
those of the Hari Hud are relatively less than those of the nei^houring river Parah 
Rud, which derive from storm rainfalls. Therefore the availaWe data for the Parah 
Had cannot he used to estimate the maximum discharges of the Hari Rud, Nor is it 
possible to use for this purpose the ohserved data for the Hari Rud at Pul-i-Khatum, 
since these are considerably modified "by water abstracted for the irrigation of the 
upstream lands, by water losses, and by the flattening of. the flood wave as it passes 
over the long stretch from Marwa to Pul-i-Khatum, 

To estimate the maximum discharges of the Hari Rud and Kawgan, use was made of 
the fact that the mean and the maximum discharges of a number of Afghan rivers show 
fairly uniform relationships, especially where the maximtim discharges are due to 
snowmelt* The relationship between the maximum and mean annual discharges for the 
Arghandab river over the period of 1948-1961 was ascertained. Prom this it appears 
reasonable to assume, for the Eaxi Rud, that the ratio of maximum to mean annual 
dischstrge will be about 7 or 8 to 1# 

On the basis of this ratio, and the normal annucLl mean dischaurges, there were 
determined normal annual maximum discharges for the individual sites for dams or 
diversion works on the Kawgan and the Hari Rud, as follows: 

250 m3/sec« for Assarassum 
350 m^/aeo. for Salma 
450 m3/sec» for Marwa 

60 m^/sec* for Tangi Azao 
120 m^/sec* for Tangi Shah 

Prom the discharge probability curves and the above discharges, there were 
estimated maximtim discharges of varying probabilities for ziormal and exceptional 
conditions at the proposed dams. These estimated discharges are given in the follow- 
ing table • 

TABLE 15 

HARI ROD BASiy - ESTIMATEID MAXIMOM DISGHARglSS AT PROPOSED SITES 



Uame of river 
and dam site 

Hari Rud 
Assarassum 

Tagau Gaza 

(Salma) 

Maxwa 



Kawgan 
Tangi Azax> 

Tangi Shah 



Conditions 
of flow 



Normal 

Exceptional 

Normal 

Exceptional 

Normal 

Exceptional 



Normal 
Exceptional 
Normal 
Exceptional 



oa 



820 
980 
1150 
1380 
1470 
1750 



200 
240 
390 
470 



1 


2 1 


1 


10 


630 


530 


480 


420 


750 








880 


740 


680 


580 


1060 






1130 


960 


870 


750 


1360 






150 


130 


120 


100 


180 








300 


260 


230 


200 


360 
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Eemark: 



For exceptional conditions, a safety factor has been applied 
equal to 20^o of the marlraum discharges estimated for normal 
conditions. 



®* Minimum Discharges Owing to a lack of sufficient data of measured discharges 
on the Hari fiud and Kawgan rivers, for this purpose also use was made of the data 
for the Arghandah. 

By analysis of the meian monthly minimum discharges and mean annual discharges 
of the Ar^andab, the relationship between them was established. It was assumed that 
the corresponding relationships for the Hari Itud and Kawgan rivers would be similar. 

On these assumptions and employing the data for normal annual discharges, there 
were estimated the long-term mean minimum monthly discharges, as follows: - 

For the Assarassum site 
For the a?agau Gaza (Salma) site 
For the Marwa site 
For the Tangi Azao site 
For the Tangi Shah site 

Using these discharges plus the probability curves, there were estimated the 
mean monthly minimum discharges with probabilities from 1 to 99^/0, that is with a 
100-year frequency. The estimated discharges are cited in the following tablet - 

TABLE 16 



6#0 mVseo. 
9«0 mVsec. 
12,0 m^/sec. 
1,6 m^/sec. 
3.0 m^/sec. 




Bam site 



Assarassum 
Ta^au Caza 

(Salma) 
Marwa 
Tangi Azao 
Tangi Shah 



Mean Monthly Minimum Discharges - Discharge Probability in ^ 

m3/sec« 



11 
16 



9.8 
14.7 



22 19.7 
3.2 2.8 
6.5 5.6 



5. 


10 


20 


52 




21 


9.2 
13.9 


8.4 
12.6 


7.5 
11.2 


5.8 
8.7 


4.7 
7.1 


3.4 
5.1 


18.5 
2.6 
5.2 


16.8 

2.4 
4.6 


14.9 
2.0 

3.9 


11.6 

1.5 
2.8 


9.4 
1.2 
2.1 


6.6 
0.8 

1.3 



SITES 




in % 




21 


21 


3.4 


2.6 


4.7 


3.9 


6.2 


5.2 


0.7 


0.6 


1.2 


0.9 



9' , Sediment Pischar/^ The laok of vegetation, the presence of great masses of 
roGk^ debris, and the considerable slopes of the catchments, result in heavy erosion 
of the finer fractions of soils by the surface run-off in the basins of all the 
Af^an rivers. Therefore, during the flood periods, the rivers carry relatively hirfi 
silt charges, reaching sometimes 8-10 Kg. per m3 of water. At the same time, throu^. 
out the lovr-water period, suspended load run-off is practically nonexistent on the 
rivers of Afghanistan. 

Such a conclusion is based on the sediment information collected by the Project 
on the Han Rud river at the Tagau Gaza gauging station during 1962-63, as well as 
on fragmentary data on the fine silt run-off obtained from various sources. These 
data are given in the following table. 
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a?ABLE 17 

MEAF AmJAL SILT CHARGE OF ABGHAMDAB, KABUL AMD KHARWAR HIVEBS 

FOR DlFFMEm YEARS 



Name of River 



Argjiatndab 

Kabul 
KaT3ul 
Kaljul 
Kharwar 



Location of 
gauging station 

Upstream of 
reservoir 
Na^lu 
Serobi 
Serobi 
Upstream of 
proposed dam site 



Catohment area 
in sq^km 

15,180 

23, 350 
25,000 
25,000 

592 



Year 



1956 

195T 
1958 
I960 

1957 



Mean annual silt charge 
(in Kg/m3) 

4.10 

1*70 
3.70 
5.20 

2.77 



On the observations made at 7agau Gaza and on analysis of the river analogues, 
the rate of 2*0 Kg/m3was adopted as the normal annual silt charge on the Hari Rud« 

On this rate and the figures of water run-off, there were calculated the normal 
annual amounts of suspended load for each potential dam site on the Hari Rud and 
Kawgan rivers, as follows:- 

TABLE 18 

HARI HDD BASIH - SEDIMENT DISCHARGES 



Bam site 



Suspended 
load 

(Mlmtons) 



Total 
Sediment 
discharge 
mln« mln. 
tons m3 

year 



Catchment 
area in 
sq« km. 



Sediment 
discharge 
per Km^of 
catchment 
(tons) 



Proportion 
of sediment 
discharge to 
1 sqL.km* of 
catchment 



Assarassum 


2.1 


2.3 


1.8 


7,430 


310 


0.18 


Tagau Gaza 


2.8 


3.1 


2.4 


11,700 


270 


0.17 


(Salma) 












Marwa 


4.1 


4.5 


3.5 


23, 300 


190 


0.18 


Tangi Azao 


0.5 


0.65 


0.44 


2,240 


250 


0.18 


Tangi Shah 


0.95 


1.0 


0.80 


7,200 


140 


0.17 



Remarkt The quantity of bed load in the total sediment discharge is 
taken as 10^ of the suspended load. 
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OHAPa!ER 8 - DAMS AUD EBSERTOIHS 



I* general Data on SurvieTOd Dam Sites Eigjit potential storage dam sites in the 
Hari Bad basin haTe been considered and examined, 6 on the Hari Hud proper and 2 on 
its tributary the Kairgan. The geologloal char act eristics of these dam sites are 
given in Volume II, to idiich reference should be made. Their sites are shonn on 
Drawing Mb. 5« 

The topographical and hydrologioal characteristics of these sites, as well as 
their distances from Herat and Kabul, are given in the table belowx 

TABLE 19 

HAHI HDl) BASIIT - TOPOQBAPHICAL AMD HIDROLOCgOAL DBSC HIPTIQir 

OF DAM SITES SCJRVEIBD 



Name of 
Reservoir 


Mazimum 
hei^t 

(mj 


Tasrakay 


68 


Assarassum 


60 


Pul-i-^herkhai 30 


Salma 


60 


Tagau Gaza 


50 


Tangi Azao 


100 


TangL Sha)i 


116 


Marwa 





Capacity at 

maziiBUffl height 
(mill.m3) 



474 

593 
80 
220 

194 
475 
267 



Normaa Annual 
run-off at dam 
site (mill.m3) 


Sistauoes 
in Ko. 
from 
Herat Kabul 


Name of 
BiTsr 


850 


390 


460 


Hari Bad 


1,000 


350 


510 


n It 


1,400 


180 


670 


n It 


1,400 


169 


654 


II It 


1,400 


153 


670 


II n 


250 


237 


616 


Kawgan 


470 


85 


740 


II 


2,000 


67 


756 


Hari Bad 



All the above sites were, on tentative examination, considered for the 
construction of storage dams. It is quite clear that each site will have its merits 
and its drawbacks. a?heir final comparative appraisal should be made after the 
completion of adequate exploration including test drilling, trial pits, and tunneling, 
preliminary desifip and estimation of quantities and costs of the engineering work 
involved, and the appraisal of their importance for the development of general 
economy^in the provinces of the basin. However, preliminary information now avail- 
able indicates that of these 8 sites three, namely Pul-i-Sherkhaj, TagauOasa, and 
Marwa, on geological grounds alone will not justify Itirther examination as sites 
for storage dams. Marwa, however, appears to be quite a possible site for a 
diveriion barrage and canal headwoiks, as discussed in Chapter 9 below. 

^* Suggested gypes of Dams For each of the 3 remaining sites a tentative 
selection has been made of the most suitable type of dam, based on A main 
considerations, as follows:- 

Geological structure of the dam site; 
Availability of local building materials; 
Minimum use of imported Txiilding materials, such as cement, 
timber, metal j 

Accessibility of the dam site from the main highways. 




(4) 
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Accordingly, for pusrposes of preliainary appraisal, ths folloving types of dam 
have been assumeds 



Tasra Kai 
Assarassum 

Salma 
Tangi Shah 
Tangi Azao 



a rook-fill dam. 

a rodc-fill dam (and as an alteomatiye, 
a buttress dam) 

a concrete dam with a spillvay. 

a concrete, arch dam* 

a rock-fill dam (provisionally). This 

work is not covered by a preliminary 

design due to the lack of a large-scale 

topo-survey« 



Of these, Tasra Kai at the present stage can be regarded as an alternative 
to Assarassum. In the discussion of water control nhich follows, only the other four 
reservoirs are assumed to be available. 

3. Scheme of Water Control and Estimated Water Balances As discussed in Volume V, 
to irrigate all the lands of Classes II and III in the Hari Hud Talley ( 149 t 000 
hectares gross ai«a, or 131,000 hectares net irrigable area) at the assumed rates of 
water requirement totalling 14, 250 m3/hecta3?es/year, would require an annual total of 
1066 million m3 annually at canal heads. From Chapter 7 above, it is seen that in 
an average year (5(^ probability) the total run-off of the Hari Hud at Marwa, include 
ing that of the Kawgan, is about 2000 million m3. Such a development of irrigation 
therefore appears to be feasible in an average year provided that sufficient storage 
capacity can be provided to store the surpluses and make good the shortages, month 
by month as they occur. In years lower than average, e.g. of 79?^ probability, 
surpluses will be less and shortages will be more 5 some over^year storage would then 
be necessary to make good the reQuirements in full. 

Table 20 below provides data for the prospective reservoirs at the four sites 
mentioned in paragraph 2 above, in respect of gross capacity, sedimentation to be 
expected in 100 years, and nsulting net useful capacity* 

TABLE 20 

TTATTT HDB BASIH - OaOSS If HBT CAPACITIES OP POTEHTIAl HBSBHVDIHS 



Hiver 


Heservoir 


Total 

Capacity 
mills. m3 


Silted Capacity 
1 year 100 years 
mills .m3 mills .m3 


Het Useful 

Capaeitf 

mills.a3 


Hari Hud 


Assarassum 


593 


1.8 


180 


413 


Hail Hud 


Salma 


220 


0.6* 


60* 


160 


Kawgan 


Tangi Azao 


475 


0.44 


44 


431 


Kawgan 


Tangi Shah 


267 


0.56* 


56* 

mmmmmmm 


211 




1555 


3.4 


340 


1215 . 



* Silted Capacity stated as the local silt inflow between this site 
and the one upstream. 
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of wat!r infinitely, oonpatations are given in Volume V 

^a^ lf ^ ^ ^ n^'^^'^h net irrigable area of 131,000 hStares, in 

^* probability, showing surpluses and shortages month by 

month throughout the year. The results of these are summarised in Sble ?1 belows- 

TABLE 21 



Item 



fiun-off 

Irrigation RecLuirements 
Total monthly surpluses 
Total monthly shortages 
Exoess of surpluses 
Deficit of surpluses 




Probabilit: 



2617 
1866 
1248 
497 
751 



1955 
1866 

726 
637 

89 



Quantities in Milll ona m3 
75% 

1514 
1866 

409 

761 

352 



should^^ist*S^LS?M«*?** 50J& probability and better it 

* *' J ® possible to make good shortages out of prerlous sumlusea in 

These computations were made on the following basis: - 



(i) 



(ii) 



(iii) 



(iv) 



(v) 



Monthly surpluses and deficits for each assumed year were 
calculated assuming that the ultimate requirements for 
131,000 hectares were fully met. 

All surpluses were assumed to be retained in storage, and 
all monthly shortages made good from storage. 

Since the effective capacity of the reservoirs on the Kaw«an 
18 peater than that of those on the Hari Hud, it is assumed 
that surpluses were first stored so far as possible in the 
Kaw£^ reservoirs, while monthly shortages were made good in 
the first place from the Hari Hud reservoirs. The idea was 
to use the Kawgan reservoirs so far as possible for longw-term 
oontrol e 

Evaporation losses were estimated at the mean monthly contents 
of each reservoir, from graphs of water loss prepared from 
hydrological and climatological analysis, as described in 
Volumes III and V. 

Infiltration losses, and leakages through gates, were not 
taten into account, because water so lost will return to the 
river and be available for irrigation. 



m«-n« -fs!?! P"li»in»^y. scheme of water control, recommended for the Hari Hud basin is 
more fully described in Volume V, which gives more particulars of thrreSlta * 
reservoir operation, month by month, in years of 2o|, SO^aS 7^ prJbSuiJy. 
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On the analysis of obseirvations on the Tedjen river over 33 years, the probab- 
ility of 759& assumed for the computation of the mter supply for irrigation purposes, 
on the condition of long-term control of the Hari Hud run-off can be expected to rise 
to 

4. Hydraulic Installations at Reservoirs Preliminary designs for the four dams 
contemplated in the discussion of water control show the following features:- 

ff 

a) Assarassum Dam 

The works at Assarassum were considered for two types of dam: 
rock-fill and buttress. 

The first version would include the following elements: 

1) Hock-fill dam with a ferro-conorete laminated facing, 
30-50 cm, thick. 

2) An emergency spillway with a shaft intake and gates, 
to pass discharges up to the mazioum of 9^0 m37seo« 
(0.1% probability under exceptional conditions). The 
adoption of such a high probability rate was necessit- 
ated by the fact that an irrigated area of over 100,000 
hectares is located below the dam. 

3) A hydropower station supplied throufi^i a pressure tunnel. 
Its capacity would be 26,000 Kw. in three units of b,670 
Kw. each. 

4) A diversion tunnel capable of passing a 4^0 m3/sec. dis- 
charge of 59& probability, with cofferdams to enclose the 
works area. 

The hydraulic works for a buttress ferro-concrete dam wot;ild 
include the same elements as the rook-fill dam. However, as 
this would be a spillway dam, the shaft intake would be replaced 
by spillway openings with sector gates. The pressure tunnel is 
also excluded, as the hydropower station is situated immediately 
below the dam, taking water througji it. 

A tentative calculation of the costs of these alternative forms 
shows an undoubted advantage for the rock-fill dam. This circum- 
stance once again stresses the importance of using local building 
materials for construction in remote areas. Therefore, in lAiat 
follows only the ax)6k-fill dam is assumed. 

A reservoir 60 m. hi^ can be formed with a total capacity of 
593 million m^. Bead storage sufficient for silting over 100 
years requires ItiO million m3, and thus the net useful capacity 
is 413 million m^. 

The Assarassum reservoir is intended to provide seasonal storage 
of the Hari Hud run-off, and to be emptied every year down to the 
dead storage level. 



The preliminary technical designs are shown in the drawings Ifos.lS £ 19 
attached to this Volume. 
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Salma Pan 

A daa 60 n. hi £^1 will foim a resarroir irtth a total oapaoity 
of 220 million m^. Alloning for dead storage for silting over 
100 years 60 million m3, the net available oapaoity of the 
Salma reservoir will he 160 million m3. The Salma design 
provides for a oonorete gravity dam. The hydrahlio works 
inolude the following elementss 

1) A oonorete spillway dam. The emergenoy diwharge of 
1380 m^/seo. at 0.1^ probability, is passed through 
three spillway openings, eaoh with a 15 m, span, oon- 
trolled by seotor gates at a head of 6. 05 m. 

2) Irrigation outlets for a disoharge of 130 m3/s0o. are 
built in the body of the dam; their three openings, 
5.5 ty 2,5 m», provided with seotor gates, are looated 
in a special gallery. 

3) A hydropower station with a oapaoity of 24,000 Kw., has 
three units. The station building adjoins the dam. Three 
inlets, corresponding to the number of generators, are in 
the body of the dam. 

4) The diversion tunnel is intended to pass a disoharge of 
680 m3/Beo. at a 5^ probability. 

5) The construction cofferdams to enclose the site of the dam 
and the power station would be formed of gravels tram 
valley lands. 

Preliminary designs of the Salma works are shown on drawimr 
No. 20 attached. ^ 

TangL Shah Dam 

An arch dam has been designed for this site, 116 m. hi^, to 
provide a total reservoir capacity of 26? million m3. With 
dead storage of 56 million m3, intended for a silt life of 100 
years, the net available capacity will be 211 million m3^ 

The Tangi Shah works include the following main elements: 

1) An arch dam, dome-»shaped. 

2) An emergency spillway with shaft intake, to pass a 
maximum water discharge of 470 m3/sec., with a O.ljt 
probability. The intake shaft joins the diversion tunnel. 

3} The diversion tunnel is intended to pass discharges up to 
230 mVoec, with a probability. 

4) The irrigation outlets are built in the dam body. The 
water discharges from these outlets are controlled with 
conical valves, idiich are cheap, simple to build, and 
reliable in operation. 

5) The construction cofferdams are made from a mixture of 
crushed rock and gravel. 

6) A dam to dose off the saddle situated on the ridge to the 
right of the main dam is made of rodk-fill, made watertight 
by a reinforced concrete facing. 

The preliminary designs of the Tangi Shah works are shown on 
drawing No. 21 attached. 
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d) Tangl Azao Dam 

The Tangi Azao dam site was studied only in the office from 
topographioal maps of a 1:30,000 scale. Without a large-scale 
topoHnap it was not possible to prepare a preliminary design 
of the works. 



However, a brief geological reconnaissance was carried out on 
the spot by the Engineering Geologist, which showfed that this 
is quite acceptable for the construction of a dam. 

Since fine-grained matexlals for the dam core are not to be 
found in the area, a concrete dam, or a rock-fill dam with a 
ferro-conorete facing, will be preferable. 

The following particulars can be adopted for the water control 
computations for the Tangi Azao dam and reservoir: maximum 
heifi^it - 100 m*; gross reservoir capacity - 475 million m3; 
dead storage for silting over 100 years - 44 million mSj net 
available capacity - 431 million m3. The reservoir is chiefly 
intended for long-term water control, 

5. Quantities of Main Work Items and Costs A table is given below showing the 
main quantities of work items, as well as the requirements for the main building 
materials and mechanisms for the construction of the hydraulic works at the Assarassum, 
Salma and Tangi Shah dam sites, and also their provisional costs. 



TABLE 22 



HAKE BUD BASiy - ^JJAMITIES AND COSTS OP POTENTIAL DAMS 



No, Description 



Unit 



Name of Dam 



1 

2 

3 

4 

5 
6 

7 



8 
9 

10 
11 
12 



13 



Quantities of Work 
Excavations of Foundation 
Hock excavation 
Tunnelling 
Rock-fill in Dam 
Ditto, placed by hand 
Construction of cofferdams 
Concreting of underwater 

part of power house building 

and shaft spillway 
Concrete lining of tunnels 
Concrete dam facing 
Gates and operating gear 
Power Plant 

Cleaarance of river bed to 
by-pass water fro hydro 
power station 

Concrete in dam 



thos,m3 



II 
II 
11 
II 



II 



II 
II 



II 



tons 

KW 



thos,m3 
II 



Assarassum Salma Tangi Shah Tangi Azao 



75.0 
11,8 

21.4 
518.2 

34*0 

15.0 



3.4 
4.3 
2.3 

560 

26,000 



35*0 
8.0 



10.0 



1.6 

550 

24,000 



23.5 
241.5 



6.0 

7.0 



1.8 



320 



9 
9 

« 

9 
9 
9 



9 
9 
9 
9 
9 



58.0 



9 
9 
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No. Desoription 



Building Materials 

1 TimlDer 

2 Cement 

3 Metal 

Building Machinery 

1 Excavators I various types 

2 Concrete mixing plant 

3 Lorries and dump trucks 
standard load capacity 

4 Bulldozers 

5 Motor rollers 

6 Concrete pumps 

7 Cableway 

8 Traction vehicles for 
narrow gauge 

Cost of Hydraulic Works 

1 Total net cost of hydraulic $ thos. 4893 II566 4052 12190 
works 



These costs of construction for the hydraulic works at Assarassum, Salma and 
Tangi Shah are provisionally forecast in accordance with the estimated quantities of 
work at tentative hut reasonahle unit rates of cost, as discussed in Voltune V» 

The cost of the works at Tangi Azao is taken as an average value based on the 
investment for all the other proposed reservoirs in proportion to the total storage 
required, i.e./(20510 x I25O) ♦ 784/ - 2O5IO s $12,190 thos. 

It must be stressed that these figures of cost, based only on reconnaissance 
data, are subject to considerable modification when more detailed investigations can 
be made. A margin for contingencies of l^fo or even more would not be unreasonable 
at this stage. 

The total capital investment (Table 27) in the whole scheme of works to achieve 
water control of the Eaxl fiud basin will reach $32,700,000. In this case the specif- 
ic expenditure for water control per hectare, provided the entire area of 130,900 
hectares in the Herat valley is irrigated, will be: 

32,700 i 130.9 = $250. 

This is a comparatively low index of specific expenditure for water control, and is 
encouraging in considering irrigation development in the Herat valley. 



TABLE 22 (Cont'd) 

Unit Name of Dan 

......^ Assarassum Salma Tangi Shah Tangi Azao 



thos.m3 


15.0 


20.0 


10.0 


• 


thos. tons 


2.5 


60.0 


17.0 


9 

• 


n n 


1.5 


1.6 


1.8 


• 


pieces 


5 


5 


5 


• 


II 


1 


1 


1 


• 


tons 


300 


300 


200 


• 


pieces 


5 


5 


6 


• 


II 


5 






• 


11 


2 


3 


6 


• 


11 






1 


• 



" - - 3 ? 
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CHAPTER 9 - POTSMTIAL IRHEQATION DBYELOPMEliT 



1. Land and Water Resources of the Valley The soil sua?vey resalts indicate that 
free land resources fit for large-scale irrigation do exist in the basin^ mainly in 
the Herat Valley. 

According to the land classification in the valley, it has heen found that 
Claesee II and III lands total 139,430 hectares. These lands need only vater, for 
their condition is such that they would require the minimum of additional reclamation. 
Reseryoirs will however be needed, to develop irrigated agriculture since under 
present conditions of water use only ^QF/o of them can be supplied with enou£^ irrigation 
water. 

Classes IV and V lands, occupying a total of over 145fOOO hectares, have major 
limitations, and their agricultural development would call for heavy capital 
investment for special reclamation. These lands therefore must be eannarked for a 
later stage of irrigation development, and only to the extent possible with full 
control of the water supplies. 

In Chapter 7 above the average annual run-off s of the Hari Rud and Kawgan at 
various points are given as follows: 



iiJstimates are also given of the run-offs at probabilities of 20"^, 50^o and 755i. 

Marwa, downstream of the confluence of the Kawgan, is the main intake point for 
the irrigation of the greater part of those lands of the Herat valley which aire 
irrigable without special reclamation. The normal run-off at this point in quantity 
should suffice for the irrigation of about 140,000 hectares of land, provided the 
natxiral water regime is modified through control by reservoirs. 

The regime of the Hari Rud, like that of most of the rivers of Afghanistan, is 
notable for a seasonable run-off distribution which to a considerable degree limits 
the expansion of summer crops. Thus, as already mentioned, in the Hari Rud basin 
the run-off is distributed as follovrs: Spring (March-June; - 687<?5 Summer (July- 
September) - 125^0} and Autumn-i-Zinter (October-February) - 20?b. With such a distribu- 
tion an increase in the sown area of the more valuable summer crops is possible only 
if the natural regime of the rivers is changed, and this is possible because a con- 
siderable portion of the flood run-off at present remains unused. 

2. Existing Position of Irrigated Agriculture in the Valley The use of lands in 
the Herat valley under the present conditions is described in detail in Chapter 6. 
Here only those problems are discussed which were not covered by that chapter. 

The existing irrigated areas with their canal systems that will fit into the 
projected irrigation scheme, come to 98)000 hectares, out of which 55^000 hecta^^eo 
sure annually sown and irrigated, including 10,000 hectaxes taken up by homesteads 
and intensively irrigated orchards and vegetable gardens. 



Mills. m 
1000 
1400 
470 
2000 



3 



Hari Hud at Assarassum 
Hari Rud at Salma 
Kawgan at Tangi Shah 
Hari Rud at Marwa 
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The irrigation of the present axeas is done from more thsm 00 oanals with 
independent uncontrolled intakes direct fi*om the river. 

There are also 137 kareze ohaumels using groundwater, which however irrigate 
only 608 hectares. The karezes are situated mostly on the right hank of the Hari fiud; 
their depth does not exceed 4 m., and the inspection shafts are spaced 20-25 m. 
apart • 

The irrigation of the lands is effected usually throu^ "wild»' or sheet flooding. 
The irrigated plots, as a rule, are very well levelled. 

Water distribution from the canals, as well as the intake from the river, 
is chaotic and in no way controlled. During the flood, the canals, having no regul- 
ating gates, take in excessive flows which overwater the lands, and may even damage 
•canals and crops. 

The peasants have accumulated a very good knowledge of the natural regime of 
the irrigation supplies, and select their crops accoi^n^y as described in chapter 6 
above. 

3. Irrigation Development Scheme The irrigation development scheme for Herat 
valley provides for the reorganization of the intakes €uad main canal systems, for 
the change to regular irrigation, and for the elimination of crop-fallow farming. 

The irrigation will be normal, by gravity, over an area of 148,800 hectares 
(gross) or 131,000 hectares (net), mainly Classes II and III lands, with some Classes 
IV and V lands, commanded by the main canals. 

The following reconstruction scheme is recommended for the valley irrigation 
system: headworks will be built for the right bank main canal with a dischatrge capac- 
ity of 118 m3/sec., and for the left bank main canal with a discharge of 19 m3/sec. 
The left baiak canal, 48 Km. long, should ensure water supply to the upper lands on the 
left bank (16,800 hectares). The main rigjht bank trunk canal, 112 Km. long, will 
feed all the existing rig^t bank canals, with an irrigated area of 67,420 hectares, 
and also 38,190 hectares on the left bank. Twenty two kilometres upsteam of Herat 
the main canal has a branch on its left side with a discharge of 22.5 m3/sec. 
that will cross the Hari Hud through a culvert syphon and join the existing canal 
on the left bank to irrigate 21,850 hectares. 

Thirty kilometres downstream of Herat an intake is planned from the rigjkit 
b€tnk main canal for another brtoch to the left with a discharge of I8 m3/seo. This 
discharge passes into the Hari Hud from where the second left bank branch absorbs it 
for irrigation of 16,340 hectares. 

For the irrigation of the lands in the Obeh area, on an area of 8,490 hectares 
an independent intake will be provided direct from the river. 

The developments proposed are shown on drawings 7, 10, 11, 15,^ 16. Three major 
drops are anticipated on the main right bank canal: at Km. 22 a 70 m. drop 5 at Km ,38. 7, 
a 39-6 m. dropj and at Km. 64, a 39 m. drop. These drops could be used for hydro- 
power stations, as described in Chapter 10 on the hydro power resources of the Hari 
Rud. 
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With the oLeTelopment of irrigation in the valley and the inorease in the 
coefficient of land use, undergroxmd water supplies will increase* As a result, 
there will he a danger of waterlogging in areas with hampered drainage of surface 
and ground water. To avoid this, the project recommends the establishment of 
collector-drainage systems in some parts of the valley. P3?oper investigations, 
hydrological in the first place, will indicate the hest type of drainage, whether hy 
free flow or "by lift. 

Mecmwhile, expert views have been expressed in favour of lift drainage, using 
the jumped-out water for irrigation. This proposal may prove very effective, as the 
scanty water resources in the Herat valley put a limit to irrigation development. 
Since strong winds are prevalent for about 120 days in any year, it mi^^t be possible 
to use wind power to operate the pumps. There is also the possibility of using 
electric power for lift drainage; it would be practicable to set up a hydro-power 
•station on the main canal, which would have excess of power during the summer season. 
Drainage by free flow is also possible and this has been assumed in estimating the 
costs. The relative advantages and disadvantages of the two types of drainage can 
be assessed on the basis of technicsLL-economic comparisons, on investigations and pre- 
paration of designs, 

4* Eange of Crops and Irrigation Regime To raise the profitability of agriculture 
in the Herat valley, the project proposes to increase considerably the area under 
cash crops, and to raise their productivity, and to develop fodder-fed livestock, 
pulse and alfalfa crops are proposed. 

Table 23 below gives particulars of the existing and proposed ranges of crops 
at the various stages of reclamation and irrigation development, depending on the 
extent of water control in the Hari Rud basin. 



TABLE 23 

EERkT VALLEY SOEEt^ - RANGES OP AGRICULTURAL CROPS 



Crop 


Areas 


in thos. 


ha. and 


percentage of 


crops at 


various stages 




At present 


No run-off 


Bun-off 


oontrol 


Full run- 








control 


but 


at Tangi 


Shah 


off oontrol 








irrigation 






by 4 reser- 








system 


re- 






voirs 








constructed 










Area 


i 


Area 




Area 


i 


Area fl> 


Wheat 


33.0 


61.5 


40.50 


45.0 


34.0 


34.0 


42.50 32.5 


Barley 


6.0 


10.9 


5.76 


6.4 


6.0 


6.0 


7.85 6.0 


Cotton 


1.5 


2.6 


4.95 


5.5 


24.0 


24.0 


51.00 39.0 


Alfalfa and Clover 


1.5 


2.6 


2.43 


2.7 


5.0 


5.0 


13.09 10.0 


Orchards 


0.6 


1.1 


i.n 


1.3 


3.0 


3.0 


0.66 0,5 


Vineyards 


1.2 


2.2 


1.9^ 


2.2 


5.0 


5.0 


1.31 1.0 
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Crop 



Forest belts 
Farmstead plots 
Maize for grain 
Vegetable gardens k 

melon fields 
Pulses 
Oilseeds 
Rice 

Total 

Double Crops 
Oilseeds 

Maize for silage 
Total 

Grand Totals: 
thos. hectares 



TABLE 23 (Cont*d) 
Areas in thos> ha> and percentages of crops at various stages 



At present 



Area 



2*0 
0.9 

1*0 
0,8 
3.0 
3.0 



3.6 
1.6 

1.8 

1.5 
5.3 
5.3 



No run-off 
control "but 
irrigation 
system re- 
oonatraoted 
Area 



0.90 
1.80 
2.43 



Hun-off control 
at Tangi Shah 



0.99 
2.70 

23.85 
0.54 



1.0 
2.0 
2.7 

1.1 
3.0 

26.5 
0.6 



Area 

1.0 
2.0 
3.0 

2.0 
3.0 
11.0 
1.0 



1.0 
2.0 
3.0 

2.0 
3.0 
11.0 
1.0 



54.7 10^ 9070 lOOJfa 100.0 



lOO^^i 



2.7 
2.7 



2.7 
2.7 



54.7 



90.0 



5.4 



105.4 



5.4?^^ 



Full run- 
off control 
by 4 reser- 
voirs 



Area 

1.31 
2.62 

4.19 

1.31 
4.40 



130.9 



22.0 
5.6 



1.0 
2.0 
3.2 

1.0 
3.3 



0.66 0.5 



lOOfo 



16.8 
4.3 



27.6 21.1f< 



158.5 



In estimating the rates of irrigation requirement (waterings, frequencies and 
times) of the crops, as far as possible, the conditions of climate and soils, the 
depths of ground water levels, and the methods and techniques of irrigation were taken 
into account. Graphs of the irrigation requirements on the adopted regime and the 
percent distribution of crops, were also prepared separately for .each crop. The 
overall irrigation rate, including pre-sowing waterings, amounted to a net 8,583 m3/ha 
for the cropping plan adopted for the development of 131,000 hectares, as shown in 
Table 24. 
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TABLE 24 

HEBAT VALLET SCHSMB - IBBIOATION RATES 



Name of crop 


Irrigation rate 
including pre- 
sowing waterings 
(m3/ha) 


Proportion 
of crops 

95 


Average irriga- 
tion rate in 
m3^eotare 
(2 X }) 


Wheat and Barley 
Cotton 

ncirxZfe ±ojl gzrfiixn 

Alfalfa and clover 

Pulses 

Rice 

Vegetable garden and 

melon zieicLS 
Orchards, vineyards, 
and forest belts 


4,300 
9,800 
6.000 

10,300 
5,400 

20,000 

8,500 


38.5 
39.0 

10.0 
3.3 

0.5 
4.5 


1,655 
3,920 

1Q2 

1,030 
178 
100 

297 


Total 




100. Off" 


7,502 


Second Crops 








Maize for silage 
Oilseeds 


3,800 
5,400 


4.5 
16.8 


164 
917 


Total 




21.37= 


1,081 


Grand Total 




121 . 


8,583 



The efficiency of the irrigation system is taken as O.6O. In this case, the 
gross irrigation rate will be equal to 8,583 f 0.60 s 14,300 m3/hectare. 

Irrigation Rectuirements In accordance with the adopted cropping plan and the 
recommended irrigation rates. Table 25 gives data on the monthly water requirements 
at the Marwa intake for the development of 131,000 hectares of land. 

TABLE 25 

HERAT VALLEY SCHEME - WATER REQUIRiaiENTS FOR IRRIGATION 

OF 131,000 HECTARES 

Millions of m3 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct ITov Deo Annual 

total 



Water require- 
ments for area 168.1 252.2 302,8 72*5 
of 131,000 ha.72.2 71.2 127.9 224.0 344.8 153.1 32.8 33.8 I865.7 
including 
second crops 
on area of 

27,600 ha. (36.7) (83.7) (3.9) 

requiring: _ _ _ _ (73.7) (35.5) . _ (233.5) 
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Theae wator reqiiirements take into consideration the sowings, after wheat, of 
maize on an area of 5>600 hectares and of oilseeds on an area of 22,000 hectares. 

The computed full water requirements to irrigate 131,000 hectaoi^es, I865.7 
million m3, axe 134»3 million m3 less than the normal annxial run-off of the Haxi Rud 
at Marwa (2000 million m3). Taking into account the losses in the regulating reser- 
voirs, the prospective irrigation requirements are equal to the normal Heiri Rud run- 
off, that is, the irrigating capacity of the river will be completely used, (see 
Chapter 8 above) 

It is necessary to mention that the full development of the land and water 
resources in the Hari Rud basin will take a long time and will require very large 
capital investment. It will therefore be necessaxy to allocate priorities for the 
measures proposed. As already indicated, the first step would be to regulate the 
intake and distribution of water to eliminate water losses in the adjoining waste- 
lands and gradually to construct water distributing structures within the irrigation 
systems. In irrigating additional areas, with a gradual increase of the land use 
efficiency, it would be necessary to build collector-drains for the lands where 
conditions of draineige axe poor. 

Irrigation in the Herat valley will in all probability be developed in three 
stages. The first will be to an area of about 100,000 hectares, with one storage 
reservoir. On the balance of conflicting factors, it is recommended that this should 
be the Tangi Shah reservoir on the Kawgan river, which is nearer than the others to 
the Herat valley lands, and is cheaper to build. The alternative would be to build 
first the Assarassum reservoir on the Hari Rud as being larger in capacity, and con- 
trolling the larger flows of the main river,- this proposal has been put forward. 
A final conclusion between these alternatives may involve further investigation. 
In either case the second stage of development will involve the construction of 
whichever of these two reservoirs has not been built in the first stage, with a 
corresponding increase in the irrigated area. 

The third stage will almost finalise the regulation of the Hari Rud run-off 
and the development of the irrigation system to 131,000 hectares. 

Considering the prospective land-water balance in the basin, it should 
be noted how close it is, as the irrigation requirements will be equal to the normal 
annual run-off of the rivers. It will be necessary to find out ways and means of 
reducing this strain on the balance. However, water balance computations for the 
irrigation systems of Central Asia have shown that about 20^ of the irrigation water 
returns to the river. Therefore, under the conditions of the Herat valley, with its 
irrigated and irrigable lands sloping towards the river, return of a paxt of the 
irrigation water into the river can be expected. The extent of this return can be 
established later, throufi^i proper investigations. 

Another means of economising irrigation water would be adjustment of the 
irrigation of second crops. The second orops of maize and oilseeds are sown at the 
end of May or early in Jxxne. Bjy this time the amount of stored water in the reservoirs 
will be fully known, and in especially low years, when there is not enou^^i water in 
the reservoirs, the areas sown to the second crops co\xld be reduced. 



61 



6« Quantities of Main Itms of Work and Costs The qxiantities of the main items 
of work for the reconstruotion and establishment of the Herat valley irrigation 
system have been derived as speoifio indices per hectwe of the irrigated €ir ea ^ as 
follows J 

1) For main oanal and distributary system: 

Excavation 127.0 m3 

Banking 24 .0 m^ 

Concrete 2,32 m3 

2) Per collector-drainage system: 

Excavation 43.0 m3 

3) For field irrigation system: 

Excavation 20.0 m3 

Banking l8.0 m3 

Concrete 0.1 6 m3 

4) For field drainage system: 

Excavation 4O.O m^ 

5) Levelling of fields: 85. 0 m3 

6) Road networks 

Concrete for road installations 

and structtires 0.06 m3 

Surfaced roads 6 lin m. 

Non-surfaced roads 40 lin m. 

7) Wind-protective forest belts 7.1 lin m. 

Slimming up all the specific quantities, the following results appear: 

Excavation 220.0 m3 

Banking 30. 6 m3 

Concrete 2.4O m3 

The total of works (without reservoirs) at the various stages of reclamation 
and development, in relation to the control of run-off, will be as follows: 
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TABLE 26 



HERAT VALLEY SCHEME - QUANTITIBS OF MAIJT WORK ITEMS 



Items 



ftaantities of work in thousand oub ic metres 
Full Run-off 



Ezoavation 

Banking 

Concrete 



control and 
irrigation of 
130 t 900 ha> 

28,798 

4,505 
314 



Run-off Control 
at Assarassm 
and irrigation 
of 120.000 ha, 

26,400 
3,672 
288 



Run-off control 
at Tangi Shah and 
irrigation of 
100,000 ha> 

22,000 
3,060 
240 



1 m3 of the main work items is estimated to cost: 



Excavation 
Earth Banking 
Concreting 



$ 0.5 per m3 
Z 1.0 per m3 

$ 100 per m3 



At these rates the total cost of the irrigation system, including the cost of 
the reservoir, depending on the extent of the run-off control, will be: 

TABLE 27 

HERAT VALLEY SCHEME ^ COSTS OF IRRIGATION DEVELOPMENT 



Description 



Cost in Million Dollars 



Full run-off 
control and 
irrigation of 
130,900 ha. 



Run-off control 
only at Assarasxam 
and irrigation of 
120,000 ha. 



Run-off control 
only at Tangi 
Shah and irriga- 
tion of 100,000 
ha. 



Excavation 

Banking 

Concrete 



14.4 
4.5 
31.4 



73.2 

3.7 
28.8 



11.0 

3.1 
24.0 



Run-off 
control 
only at 
Assarassum 
and irrig- 
ation of 
100,000 ha.» 

11.0 

3.1 
24.0 



Total 50.3 

Items not detailed 
& contingencies - 

50/^ 25.2 
Cost of dams 32.7 



45.7 



38.1 



38.1 



22.9 
4.9 



19.0 
4.1 



19.0 
4.9 



Total 

Specific cost of 
irrigation per 
hectare (in US $) 



108.2 



73.5 



61.2 



62.0 



826 



612 



611 



620 



* Two versions of the crop composition percentage are given for the 
Assarassum reservoir. 
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The established indices of the speoifio oosts of irrigation in the Herat 
valley leave no doubts as to the economic profitability and future effectiveness 
of irrigation development in this valley. 

Preliminary appraisals of the productiveness of the measures outlined by the 
design and the prospects of repayment of the capital invested in development of 
irrigated agricultwe in the Herat valley, axB given in Volume VI, 
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GBAREER 10 - POTENTIAL lEVELOPMEHT OP HTDROPOWBR 



1. The hydropower potentials of the proposed reservoirs have been considered for 
the conditions of their operation to suit the irrigation schedule when all suitable 
land resources of the basin (131,000 hectares) are developed for irrigation. 

As already mentioned, the reservoirs Assarassiam and Salma on the Hari Rud will 
mainly regulate the seasonal run-off, that is, these reservoirs will be the latest 
to be filled and the first to be drawn upon. 

The Kawgan reservoirs, which have the largest regulating capacities, will be 
used for everyear regulation of run-off. Therefore, the Kawgan reservoirs will 
fill first, and be emptied only after the Haxi Hud reservoirs are exhausted. 

2. On analysis of the calculations to determine the possible capacities and power 
outputs of the hydropower stations attached to the Hari Rud reservoirs, as given in 
Voliime V (Dams and Reservoirs), Tables 19, 20 & 21, the following should be noted: 

(i) Ttie power stations at Assarassum and Salma on the Hari Rud will 
work continuously thro\ighout the year, producing in March-August 
about QQffo of their entire annual output, and ZOfo during the rest 
of the year (September-February). 

(ii) Ohe power stations at Tangi Azao and Tangi Shah on the Kawgan would 
be idle for part of each year, about 6 months in a high year 

of 20/0 probability, and about 3-5 months in a low year of 755^ 
probability, on account of the large regulating capacity 
of these reservoirs, and their operation for overyear storage. 
In high years the whole flood run-off, surplus to irrigation 
requirements, will be stored in the reservoir to build up the 
Overyear reserves. 

(iii) On the adopted regime for the operation of the Hari Rud stations, 
it is recommended to use only the potential power resources on 
the Hari Rud, i.e. only the Assarassum and Salma stations, whose 
rated capacity amounts respectively to 26 and 24 MW. Construction 
of the stations at Tangi Azao and Tangi Shah on the Kawgan river 
would not be economically expedient. 

3. Included in the irrigation scheme for the Herat valley, as already mentioned, 
there are three drops on the right bank main canal; the first of 70 m. at Kin. 22, 
the second of 39*6 m. at Km.39> and the third one of 39 m. at Kin. 64, near Herat. 
Considering that the right bank canal will always be in flow, it would be 
justifiable to set up hydropower stations at all these drops. Since these power 
stations must operate according to the irrigation regime of the canal, their power 
will be usable only for base loads, and the n\jmber of hours for the use of the 
established capacity should not be recommended to be less than 7000 per annum. 
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4* To illustrate thla point, a table of poesiUe oapaoities and power outputs is 
drawn below, for these power stations idien the valley is fully developed to an area 
of 131*000 hectares. 

fhe data given in Table 28 show tiiiat the potential power attainable during the 
six summer months for all the three stations throvigh the- use of the entire run-off 
oonsiderably ezoeeds the rated oapaoity, based on the oondition of the annual use 
of the water - 7»000 hours. 

If there is a demand in the Herat valley for seasonal power, then it would be 
reasonable to increase the oapaoity of these stations. 

5. For the whole Hari Bud basin, including the Assarassum and Salma hydro power 
stations, as well as the three stations at the drops on the main irrigation canal, 
the total rated capacity of all stations will be 85.5 thousand O., and the average 
fflvtlti-annual power output will be 458.79 million EW-ho\irs, as shown in Table 28. 



TABLE 28 



MAIN HEBAT CAHAL - POTEaTEIAL POWER AMP EMEBOT OUTPOT 

6P mK6Nfe Af Ifi6Pg 



Months 



Jan. 

Feb. 

March 

April 

May 

Jtuie 

July 

Auguat 

Sept. 

Oct. 

Hov. 

Dec. 



Station at Km. 22 
H-70n) Bated capacity 

20.000Ky. 

Sisoh* Power Energy 
Ihos. mln.ER-h 



22.8 
24.8 
40.1 

54.5 
70.3 
80.5 
108.0 

94.7 
53.0 
22.8 

10.7 
10.6 



13.2 

14.4 

23.3 

31.7 
40.8 

46.8 

62.8 

55.0 
30.8 
13.2 
6.2 
6.2 



9.80 
9.68 
14.88 
14.40 
14.88 

14.40 
14.88 
14.88 
14.40 
9.83 
4.46 
4.61 



Station at Kin. 38. 7 
H-39.^} Bated 
oapaoity ll.OOOKW. 
Disch. Power Energy 
fflB/sec Thos. liln.KV-h 



21.6 

23.5 
38.0 

51.7 
66.5 

77.5 
102.4 
90.0 

50.3 
21.6 
10.1 
10.0 



7.1 
7.7 

12.5 
17.0 

21.9 

25.5 

33.5 
29.6 

16.5 

7.5 
3.5 
3.5 



5.29 
5.18 
8.18 

7.92 
8.18 

7.92 
8.18 
8.18 
7.92 
5.58 
2.52 
2.60 



Station at Kin. 64 
H-39m} Rated cariacity 

4.5OOKW. 

Power Energy 
Thos. Mln. 
KW KW-h 



Disch. 
m3/ seo 



9.3 
10.1 

16.4 

22.3 

28.7 

33.4 

44.1 
38.8 

21.6 

9.3 

4.4 

4.3 



3.0 
3.2 

5.3 
7.2 

9.3 
10.8 

14.3 

12.5 
7.0 
3.0 

1.4 
1.4 



2.23 
2.15 
3.35 
3.24 

3.35 
3.24 

3.35 
3.35 
3.24 
2.24 
1.01 

1.04 



Total 



141.10 



31.79 



TABLE 29 

HABI RUD BASIK - SUMMARY OF POTENTIAL POWER 
No. Mame of Station Rated oapaoity (KW) Energy output 



1. 
2. 



Cinergy ouxpi 
(Mln. KW-h) 



Assarassum (Hari Bud) 26,000 98.87 

Salma (Hari Bud) 24,000 IO9.38 

3. 22nd kilometre of canal 20,000 I4I.IO 

4. 38.7th kilometre of canal 11,000 77.65 

5. 64th kilometre of canal 4«500 31.79 

TOTAL 85,500 458.79 
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6, Of all the five stations proposed for oonstzuotion^ the first priority should 
go to the one looated at Kilometre 22 of the main irrigation oanal. This station 
oould be oonstxuoted as a temporary sohemei using nater passed dovn 22 Km. of the 
main oanal^ and released to an esoape ohannel oonstxuoted donn to the river. 

One of the advantages of this station would he its proximity to the oity of 
Herat 9 vhioh will initially he the main oonsumer of the pover produoed« 
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CHAPTER 11 - COyCnJSIOHS <fe RECOMMENBATIQgS 



1, On all grounds^ oonsidering the unused resouroes of land and vater available, 
the further development of irrigation in the Hari Rud haein, and in the first place 
in the valley of Herat, should be given high priority in the near future, in order 
to improve the economy and living st€tndards of the Herat Province* 

Folloidng the system of land classification, it has been established that 
Classes II and III lands total 139f430 hectares* These are lands that need water 
only* Their general characteristic is such that they would require the minimum of 
ext3?a reclamation work* To develop irrigated agriculture on these lands, the con- 
struction of reservoirs is necessary, as under the present conditions of using the 
Hari Hud waters, only of these lands are supplied with irrigation water* 

Classes IV and V lands covering an area of over 1439^00 hectares, hiave large 
limitations, and development of irrigated agriculture there will require heavy 
capital investment for special reclamation* These lands, therefore, should be 
considered for irrigation development only as a distant prospect, and only to the 
extent possible when xun-offs are regulated for irrigation* 

2* Under the present coxiditions, irrigated eigriculture is mainly devoted to growing 
grains, covering over 80^ of all the areas annually cultivated) summer crops take 
only 2Qff> of the cropped lands* 

The ensuring of supplies of irrigation water to Classes II and III lands, and 
the introduction of more profitable industrial crops, by increasing summer crops 
instead of winter crops of lower value, must be the main tasks in planning the 
development of irrigated farming in the Herat valley in the near future* 

3* The irrigated lands of the valley have a medium texture, with good vertical and 
horizontal water drainage, and at present are largely free from salinity* Only paort 
of the lands are sown and irrigated intensively* The major portion of the lands fit 
for irrigated agriculture are sown once every 2-4 years* To shorten the period of 
time idien the lands oust remain fallow, and to increase the cropped areas, it would 
be necessary, first of all, to have additional irrigation water* 

4* The development of irrigation would necessitates the improvement of the exist- 
ing irrigation systemsf the oonstzuction of regulating hydraulic structures, and on 
some lands, also of a collector-drainage network^ the putting in order of the water 
use systemi the management of the water resources in the valley, etc* 

The establishment of control over the available irrigation waters must be the 
first step on the way to normal development of irrigated agriculture in the valley* 
Simultaneously with this, the application of mineral and organic fertilizer and the 
introduction of more correct crop rotation practices and modem agrotechniques, 
based on the results of recent research and experiment must be given priority in the 
agricultural production* 

3* Even under the existing conditions - lack of irrigation water and waste of a 
considerable portion of idle fallow lands - in the lower parts of the valley partial 
salinization and raised underground water levels occur* While at present this con- 
dition exists over a comparatively small portion of the valley, it will spread more 
widely, particularly with increased intakes of water following the construction of 
reservoirs, unless there is proper control over water usage* The more water is 
supplied to the areas situated in the elevated part of the valley, the more frequently 
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appear signs of soil salinization and a rise of the groimd water levels in the 
lower parts of the valley* Therefore, to prevent lands falling out of agricultural 
production, and to maintain their fertility, it would be necessary to create on a 
part of the lands a collector-drainage network and to regulate the water consumption 
through establishment of proper control over water use« 

6* In the Herat valley, summer crops suffer much from the strong daily winds 
which prevail in the months of May through August and check their growth. To reduce 
the harm done by the winds, it is necessary to create special shelter belts by 
afforestation* These will also help to reduce, and possibly to halt, the wind- 
caused soil erosion, as well as improving the microclimate in the valley. 

7* Land use under the existing conditions in the Hari Rud basin, and the areas 
fit for irrigation development in the surveyed part of the valley, are given in 
the following table. 

TABLE 30 
HARI RUD VALLEY - LAKD USE 



Total area of 
surveyed lands 
in the valley 



Class II-III 
lands currently 
irrigated 



AREAS IN HECTARES 



Irrigable but unused 
due to lack of water 
II and III 



Class IV-VI lands, 
non-irrigable and 
used as pastures 



410,770 



54.700 



84,730 



271,340 



8, The full proposed development of irrigation in the Hari Rud basin is quite 
possible and necessary, but it is dependent in the first place on the provision of 
water control. The prospective development of irrigation on an area of 130,900 
hectares would require a regulating reservoir capacity of 1250 million m^. The 
proposed reservoirs at Assarassum, Salma, Tangi Azao and Tangi Shah have an avail- 
able total storage of 1215 million m^, almost equal to the requirements. 

TABIDS 31 

HARI RUD BASIN - SUMMARY OP RESERVOIRS 



Name of 
Reservoir 



Assarassum 
Salma 

Tangi Shah 
Tangi Azao 



Net Available 
storage 

(mln.m-^) 



413 
160 

211 
431 



Run-off at 


Regulation 


Capital 


Capital 


reservoir 


coefficient 


cost of 


cost per 


site 

(mln.m^ ) 


(2 : 3) 


dams 


m-^ of 


($ mln.) 


water of 
Available 
storage 
(cents) 


1000 


0.41 


4,892 


1.18 


* 400 


0.40 






1400 


0.11 


11,566 


7*22 


» 220 


0-?6 






470 


0*45 


4f052 


1.92 


250 


1.72 


12,190 


2.83 



Notet * Numerator shows rim-off with the upper reservoir in 
existence; denominator shows run-off without the 
upper reservoir. 
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Th% above data sbov that the Aeearassum reserroir has the optinum eoonMio 
index, that is, the lowest oapital investment per m3 of the available storage. 
The regulation ooeffioient of this reservoir (O.41) is fairly low, indioating that 
its available oapaoity will be fully used in all years • 

The Tangi Shah reservoir oomes seoond, by its good eoonomio index. This 
reservoir has the advantage of being closer than the others to the Herat Valley 
lands proposed for irrigation development. 

The Salma reservoir proves to be the most expensive. The oapital investment 
per of water of the available storage here would be six times that for Assarassum 
and almost four times that for Tangi Shah. 

Shortage of time and fUnds did not permit completion of the survey and design 
work for the Tasrakay reservoir on the Hari Hud. It was pointed out in the prelim- 
inary design for the Kaiigan reservoirs that these reservoirs would control a compar- 
atively small run-off. Therefore it would be desirable to examine in further 
investigations the possibility of increasing the capacity of the reservoirs on the 
Hari Bud proper. In this case, instead of building the Tangi Azao reservoir on the 
Kai^an river, it might be more advantageous to form a more capacious reservoir at 
Tasrakay on the Hari J%id if this proves practicable. 

9. The utilization of the water resources in the Hari Hud basin towards irrigation 
development would require large capital investment and much time. Therefore, it 
would be necessary in the future to set up an order of priorities for the construct- 
ion of the reservoirs, bringing it into relation with the systematic development of 
irrigation as well as with the general economic development of the valley. 

In all probability, the water control in the Hari Rud basin will be started with 
the construotion of the Tangi Shah reservoir on the Kawgan tributary. This reservoir 
IS the nearest to the Herat valley lands proposed for irrigation development, and the 
specific capital investment per m3 of water from the available storage of the reser- 
voir does not exceed two cents. This particular point, however, deserves further 
investigation. 

10. In Volume VI are given the results of preliminary economic estimations of the 
relationship between the value of the production to be expected (a) on first develop- 
ment, and (b) on ultimate operation (20^ higher), and the costs of achieving that 
production. It is there assumed, reasonably, that of the total value of production, 
60^ will be absorbed in meeting costs of operation, taxation, etc., leaving 4036 
available, as profit, to be used for repayment. The capital costs estimated in 
Chapters 8 and 9 are net, and include no allowances for interest and amortization 
during the period of construction and development. If this period is taken as 3 
years, and interest at 10^ and amortization at 256 are allowed for, it is estimated 
that the total gross costs will be about 26^ more than the net figures. Below are 
given figures of the resulting comparisons, and of the periods required for repayment, 

oapital costs, for the ultimate development of 
130,900 hectares in the Herat Valley. 

Investment Net Profit per hectare Period after which capital 

hectares per hectare of irrigated area cost can be repaid 

$ On first On ultimate On first On ultimate 

development development development development 

— ^ > ! 

130,900 Het 826 92.4 142.4 9.0 5.8 

Gross 1044 92.4 142.4 11.3 7.4 

Thes. tsntative figures indicate that development in the Herat Valley irill be eoon- 
omioally profitable. But the measures proposed must lae re-examined in detail before 
final decisions are taken. > 
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11 • The proposed development of water control at dams and on irrigation canals will 
provide the following potential amounts of hydro-electric power in the Hari Rud 
basins 

Station Installed Estimated Output 

Capacity per year 

Million KWH 



Assarassum 


26,000 


98.9 


Salma 


24,000 


109.4 


Canal - Km. 22.0 


20,000 


141.1 


- Km. 38.7 


11,000 


77.6 


" - Km. 64.0 


4,500 


31.8 




85,500 


458.8 



As and when developments for irrigation make these stations possible, it appears 

likely that their construction and equipment will be economically advantageous, 

provided that in all cases the appropriate demand can be foreseen. This will require 
special and careful investigation. 

In any case, in the design of the works for water control and irrigation, 
provision should be included for hydro-power, even if it is not installed when the 
works are first built. 
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SECTION III - FARAH RUD BASIN 



CHAPTER 12 - DESCRIPTION OF BASIN 



1. General Data * The Farah Rud rises in the western slopes of the Siyah-Koh and 
flows into the Hamun-i-Sabari lake situated in the Seistan depression, in the south- 
west part of Afghanistan, near the Iran border» It is 56O km. long. The catchment 
area totals about 30,000 km^. 

The watershed of the basin down to the town of Farah is generally at elevations 
from 3»200 m. down to 1,800 m. Downstream from Farah the river crosses a .plain 
where the watershed is much less pronounced. The river sources are located at a 
height of about 3>700 m. and the elevation of the river where it flows into the 
lake is about 600:m« Thus from source to mouth the river falls about 3>100 m. which 
gives an average gradient of about 5»5 ro» P©^ kilometre. The mountain slopes limit- 
ing the river basin are almost devoid of vegetation and deeply cut with stream beds, 
most of which only flow temporarily. The steep gradients and the lack of vegetative 
cover contribute at the time of abundant rainfall, to the formation of brief floods 
whose maximum discharges near Farah town may reach 1,500 m3/sec. 

The network of tributaries is considerably better developed in the left-bank 
part of the basin. The main tributaries of the Farah Rud aret Rud-i-Ghor, Malmand 
and Zarmardan, with respective catchment areas of 7i220, 1,420 and 2,090 sq. km. 

Though the Farah Rud catchment is mainly mountainous, it is rather lower than 
those of the- rivers of northern, and especially eastern Afghanistan. Whereas there 
is eternal snow in the mountains of eastern Afghanistan, the snow that falls in the 
Farah Rud basin melts completely by the month of June. In the formation of run-off 
the main role is played by the catchments lying above 1,500-2,000 m.f these cover 
21,000 km*2 or about 70^6 of all the total catchment area. The run-off from the 
remaining portion of the catchment .(9 1 000 km.^ is never significant, and is some- 
times altogether absent. 

The river is widely used for irrigation, and as a result, it almost dries up 
in the summer season when water consumption for this purpose intensifies near Farah 
and further downstream. 

2. Climate of the Basin . The only meteorological station is at Farah with a 
three-year series of observations. It has not been possible, therefore, to provide 
a complete description of the actual climatic conditions throughout the whole basin. 

However, to assess the climate, apart from the data supplied by the Farah 
station, use has been made of data from other stations in Afghanistan, as well as 
computed characteristics for the proposed dam-sites at Lashkargah, Alikinai and 
Bakhshabad . 

Similarly, the establishment and distribution of meteorological characteristics 
over the basin were done on the basis of estimations by geographical interpolation. 

a) Air Temperatures 

As in all mountainous areas, the climate of the lower zones of the Farah Rud 
differs considerably from that at heights of 1,500-2,000 m. and above. 
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The lower zones of the basin, located below Farah town, are amongst the hottest 
areas in Afghanistan; the mean monthly air temperature of the three summer months 
(June - August) exceeds 30 C* The maximiim daily air temperature in the daytime 
during the summer months may exceed 45°Co In the cold months (December - February) 
mean monthly air temperatures do not go below 7 - 10°C. In the alpine zones 
(about 3»000 m.) the air temepratures are considerably lower, the cold months 
having air temperatures below 0 C. 

Table 32 shows computed mean monthly temperatures for various parts of the 
basin* 

TABLE 32 

FARAH RUD BASIN » MEAN MONTHLY TEMPERATURES 



Area 


Mean monthly air temperatures in degrees Centigrade 




Annual 




Jan* 


Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. 


Dec. 


Mean 


at 3fOOO m. 
at 2,000 m. 
Lashkagar 
Bakshabad 
Farah 


-10.3 

- 2.7 
1.0 

3.1 
7.8 


-6.5 -1.0 2.6 10.4 14.6 18.0 14. 9 9.4 3.0 -4.0 
-0*9 6.6 10.2 18.0 22.0 25.6 22.3 17.0 10.6 3.6 
2.9 11.1 16.2 22.0 26.0 29.1 27.5 21.7 15.3 8.8 

5.0 12.9 17.5 24.0 28.0 31.3 29.1 3.5 17.1 10.4 

9.1 16.6 20.2 28.0 32.0 35*6 32.3 27.0 20.1 I3.6 


-9.9 
-2.3 
3.0 

4.6 
7.7 


3.3 
10.8 
14.8 
17.2 
20.8 



Remarks: l) The data for Farah are based on observations over three years. 



2) For the other areas, computed data are given. 



b) Pjreoipitation . 

Only insignificant rainfall occurs in the lower parts of the basin through- 
out the year. Table 33 gives factual data for the Farah meteo-station. 

TABLE 33 

FARAH RUD BASIN - MEAN MONTHLY PRECIPITATION 



Jan. 


Feb. Mar. 


Mean monthly precipitation in 
Apr. May June July Aug. Sept. 


miB. 
Oct. 


Nov. Dec. 


Yearly 


26 


23 10 


1 1 0 0 0 0 


0 


15 40 


116 



As in all the other areas of Afghanistan, the precipitation occurs in the cold 
season and is greater in the mountain areas of the basin. Voliime III - ^ydxology - 
gives computed precipitation data based on the sketch map of rainfall in Afghanistan 

on the Farah lud run-off, indicating that in the rooimtain parts of the basin 
there is about 3CK> bbb. of rainfall annually. 
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o) Evaporation 

The above climatic conditions cause high rates of evaporation. According to 
data provided by the Helmand Valley Authority, the annual evaporation for an area 
situated 70 km. downstream of Farah is 2,920 mm. However, this value cannot be 
used to appraise the water losses from the projected reservoirs of Lashkagar, 
Alikinai and Bakshabad in areas with different temperature regimes and, therefore, 
evaporation. For the evaporation in these areas, estimated values were used, that 
fit well, as analysis has shown, into the factual data collected at Farah. The 
rates adopted as the basis for preliminary design of these reservoirs, as well as 
the Farah observed data, are given in Table 34 belowi 

TABLE 34 

FARAH RUD BASIH - MBAIT MOHTHLY EVAPORATION FROM WATM SIBFACE > Ifll. 



Area Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Hov. Dec. Yearly 



Lashkagar 80 90 I40 I70 200 260 280 260 I70 I40 

Alikinai 90 100 I40 I70 210 280 300 260 I80 I50 

Bakshabad 100 110 I50 I70 220 290 310 260 200 160 

Farah City 110 130 180 210 300 350 46O 310 240 I80 

70 km. below 70 90 120 290 290 48O 520 420 300 220 
Farah 



110 


80 


1,980 


120 


80 


2,000 


120 


90 


2,180 


130 


100 


2,700 


140 


90 


2,920 



3» Vegetation and Animal Life > The physical geography and climate of the Farah 
Rud basin are the prime causes of its poor vegetation and limited animal life, 
although intensive grazing may be an ancillary factor in reducing the vegetative 
cover. In the upper regions of the catchment area, vegetation is very scanty, the 
rocky materials having very little soil cover, and animal life is little in evidence. 
Where soil has accumulated in the river gorges, occasional trees and shrubs grow, 
and more plentiful herbage may be found. Lower down still, a greater variety of 
species appear, and deciduous trees become more frequent. On the non-irrigated 
lands in the flatter regions, camel thorn and Iftmosa species appear, with further 
characteristic flora on the saline areas. I^hrubs used as fuel occur along the 
river banks and on the islands where there is also a certain amount of grass cover 
which forms valuable animal fodder. 

4» Population .. The Farah Rud basin, covering an area of 30,340 sq. km., has a 
very uneven population distribution resulting from the variety of natural conditions. 
%e majority of the population is concentrated in those parts of the basin where 
suitable conditions for agriculture exist, in contrast to the largely waterless 
mountain areas. 

Administratively, the river basin is located mainly within the Farah Province. 
Its upper part forms part of the Herat Province. According to unofficial data 
(no population census has ever been carried out in Afghanistan), the population 
of the basin is about 300,000. The capital city of the province - Farah - accommo- 
dates up to 15,000, and in those parts of the valley surveyed by the Project, the 
population does not exceed 50,000. The population is mostly Afghan, with some 
Uzbeks, Tajiks and Turkomans. Agriculture and animal breeding are the principal 
occupations; only 10^ of the population practise domestic crafts or commerce or 
are employed in construction work in some fields of the province's rather poor 
economy. 
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5* Roads and Comm\mioatlons > The oity of Farah is oonneotedi like Herat, with the 
other regions by a oiroular highmy, the principal trunk road in the country, A 
brief description of this road and the regions which it links is given in Section II , 
Chapter 3 of this Yolme. Farah is also connected to Kabul by the much poorer rocui 
that crosses the country from east to vest* 

These roads can be used for the transportation of all material that will be 
needed in the future for development of irrigation in this area. It should be kept 
in mind, however, that in using these roads as trunk routes it would be necessary to 
construct access roads from these highways to each of the proposed dam-sites on the 
Farah R\id. Whereas only 30 km. of road woiild be needed to the Bakshabad site, and 
its construction would be relatively easy, the road to the Lashkagar site (from the 
Shindcind - Dilaram stretch of the highway now being constructed with help from the 
U.S.S.R. wotdd be 100 km. long, and over ^0^ of its length would have to be con- 
structed in rocky mountainous coxmtry. The majority of the populateU centres within 
the basin are connected with the highway by dirt roads that are not always motorable. 
These routes abound in steep rises, narrow and ill-levelled road surfaces €tnd make- 
shift unreliable bridges with limited load capacity. 

As in other towns in the country, there is a small motor fleet in F&rah that 
belongs to a joint-stock company. This fleet is used for the transportation of 
various cargoes beyond as well as within the province. A considerable share of the 
internal goods traffic however, is still carried by pack animals. 

Thoiagh Farah is connected by telegraph, radio and telephone with all the large 
cities in the co\antry, these types of communication are very limited within the pro- 
vince, and at best only telephone lines provide links between F^rah and the district 
centres. 
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CHAPTER 13 ■ SOILS AUD EXISTING LAND USE 

1, General Information * The Farah Rud valley extends for 40 km. and is divided 
into two parts by the river. About 2/3 of the currently irrigated lands occupy the 
right bank, and the rest lie on the left bank. Throughout the length of . the valley, 
the slope is rather gentle (about 1.5 m. per kilometre) falling from 695 m. to 
620 m. above sea-level. Starting from the point where the river leaves the mountains, 
the valley gradually widens and then its width remains constant at about 20 km. over 
a length of about 20 km. There is no doubt that the Farah valley has been under 
irrigation for centuries. This is proved by deposits 1.5 m. thick formed as the 
result of irrigation. Levees along the banks of some of the canals are up to 3-4 ni. 
high and some of them can be compared with the Brian area canals in Iran built 2,500 
years ago. Remains of old cities can be traced on the saline as well as on the non- 
saline lands. 

Small mounds made up of salt concretions can be observed on the saline lands. 
These testify to the fact that in ancient times the land was made tillable by scrap- 
ing away the top layer of the soil covered with salt crust, which led to the formaticn 
of such mounds. 

The upper part of the Farah Rud basin, upstream of Daulatabad, is mountainous 
and formed by cretaceous limestone, bowl-shaped, with an extensive outcrop of yoimg 
Farah-Rud volcanic rocks coming out to the surface in combination with sandstone, 
limestone conglomerates and calc-shales. Ninety kilometres downstrem of Farah there 
lies the JuwaiTi valley beyond which a desert starts. This valley also includes the 
Ghankhansur plain partially flooded by the Farah Rud. 

In the lower part of the basin, downstream of Dezak, the valley becomes a fan- 
shaped area fringed on both sides by mountains of limestone, limestone schists and 
sandstone, and volcanic rocks. The Farah valley is based on calc-shales and sand- 
stone covered with pliopleistocene cemented gravels. 

Geomorphologically, the Farah Rud valley can be placed together with the desert 
plains and internal watershed basins of south-western Afghanistan. The valley is 
divided mainly into the following geomorphological parts: 

1) Alluvial fan, somewhat triangle-shaped, where the river enters the valley. 

2) The central part, an old valley with top soil one metre thick, the result of 
centuries-old irrigation. 

3) Saline soils formed primarily in depressed areas adjoining the alluvial fan. 

2. Description of Soils . The Farah Rud soils were classified as follows: 

1) Alluvial soils with a thin (non-irrigation) cover, non-saline and not under 
irrigation. 

2) Alluvial soils with a thick irrigation cover and partial salinity, partly 
irrigated . 

3) Ancient irrigated soils with a thick irrigation deposit on the surface. 

4) Saline soils corresponding to solon chaks, with saline-alkaline patches. 



5) 



Gravelly soils. 
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The aoils of the alluvial fan are medium-textured, IOO-IO5 cm* deep, and have 
a good structure and good vertical as well as horizontal drainage. They are 
calcareous, with an average calcium content of lOft and pH - 7,5 - 8.0. There occur 
profiles that have no apparent lime or chalk concentration. 

In the central valley soils have a noticeable irrigation horizon, 5O-IOO cm. 
deep. Calcareous spots are rarely met at depths from 50 to 100 cm. These soils 
are deeper than the soils situated in the upper part of the alluvial fan and have 
individual saline patches. 

The ancient irrigated soils are located mainly in the central valley along both 
banks, and are characterized by a thick irrigation cover with medium drainage. As 
a rule, these soils are not saline. Ground water is not found above 6 metres deep 
below the surface. The soils are moderately alkaline with pH within 7.5 to 8.5. 
The salt content is around 7^1 and the calcium content is IO-I556. Solonchak soils 
with a higher salt content in the upper part (lO-15lS) and pH « 8.0 - 9.0 are 
classified as saline-alkaline soils. There occur in places leached plots under 
cultivation with salts appearing on the surface. In areas with favourable drainage 
conditions, cultivated patches can be observed on saline soils. An undulating 
gravel complex of soils is situated lower- down the valley, with individual cultivated 
plots of thin colluvial soils. 

A complete detailed description of the typical soils of the valley is given in 
Volume IV. 



3* Land Re sources of the Valley . As the result of the soils surveys and the 
adopted land classification, information is given below as to the areas of each 
class of land as described in Chapter 4, paragraph 3. 

The area surveyed in the Farah valley was 50,900 hectares. The present 
periodically cultivated and irrigated part of the valley is mainly its alluvial 
fan, totalling about 25,000 hectares. The rest of the valley is considerably 
saline and is now cultivated and irrigated in individual patches and mainly used 
as pastures. All these saline lands used to be under cultivation in ancient times, 
but lost their fertility due to the poor irrigation system and the unsuitable 
agricultural practices. 

Apart from the lands of the Farah valley proper, the following lands were 
visually surveyed and classifieds 

1) Near Daulatabad and Dezak (upstream of Farah) on an area of 5,000 hectares - 
Class II lands. 

2) Near Juwain (90 km. downstream of Farah) on an area of 5,890 hectares; out 
of these 1,740 hectares are Class II lands, 85O hectares are Class III lands, 
1,800 hectares are Class IV lands and 1,500 hectares are Class V lands. 

3) Near Kale-i-Ka (40 km. downstream of Farah) on an area of 1,850 hectares; out 
of these 1,500 hectares are Class II land and 350 Hectares are Class III 
lands. For reasons explained in Volume I, Chapter II, these are not included 
in the total area considered to be suitable for regular irrigation, which is 
therefore taken to be 59 > 200 acres (see Table 47). 
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The preliminary oonolusions axe that salinization in the Parah valley 
is the result of the occurrence of a layer of cemented gravels rather close to the 
surface. The thickness of the soil parent material varies from O.5 to 5.O m.j 
in the desert soils it does not exceed 3.0 m. IMs may be an obstacle to free 
drainage removal and contributes to a high ground water level. 

As the areas of good lands go out of cultivation, the water that remains 
is used with increasing intensity, which leads to higher groundwater levels and 
a speedier salinization process. The vicious circle is complete. 

Reclamation of Class V lands is theoretically possible, but it would require 
a vast amount of work for the establishment of an irrigation and collector-drainage 
system. Besides, to leach the soil, plenty of water would be needed in the 
autumn-winter period, whereas there is excess of water only during the spring 
flood for 3 months in the yeair. During the rest of the year water is fully 
utilized upstream and never reaches the Class V lands. Therefore, until the 
spring rixn-off is regulated by storage, reclamation of the saline lands is 
practically impossible. 

4# Land Use xmder Present Conditions . The Parah Rud valley encircling the 
city of Farah and extending to the north-east for 25 km. and to the south-west 
for 15 km. from the city, has been long had a settled farming population. 

The availability of water, gentle slopes, relative easiness of water 
derivation for irrigated purposes, as well as relatively thick and tillable soils, 
have contributed to development of irrigated agriculture in a part of the valley. 

Current practices are indicated in Table 35: 



TABLE 35 - LAND USE IN FARAH VALLBY 
Type of Land and its Use 



1. Irrigated crop land 

2. Farmstead plots, orchau?ds and vegetable gardens, 
intensively tilled and irrigated 

3. Complex of irrigated saline and non-saline lands. 

4. Partly irrigated saline soils less intensively cult- 
ivated 

5. Saline uncultivated and non-irrigated lands, used as 
pasture 

6. Gravelly, eroded saline lands, used as pastxire 



Areas in % of tot' 
hectares al area 

25,100 50 



2,100 4 

3,900 7 

2,200 4 

15,000 30 

2,600 5 



Total: 50,900 100 
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Lands tallied under 2 and 3> over an aurea of 6,000 hectares, are used, as a 
rule, for intensive winter and summer cropping with many different crops. However, 
lands under 1 and 4> an area of 27,300 hectares, are periodically cultivated 
and irrigated, with l/3 of them annually in use and the other 2/3 left fallow 
to restore the soil fertility. These lands are used primarily for winter crops 
and mostly for wheat and barley. After these crops are harvested, a portion 
of the lands (up to 15^) is used for secondary crops (corn, cotton, vegetables, 
etc. ) 

Item 5 covers 15,000 hectares presently used only as pasttxre, owing to 
heavy salinity. However, in the recent past, these lands were cultivated and 
irrigated, but their hydrogeological conditions called for a collector-drainage 
network to leach the salt out and to lower and remove ground water. The condition 
^f these lands grew worse with every year, and in time their fertility decreased 
to the point where their use became economically unprofitable. 

The restoration of these lands for crop production is possible provided 
fundamental reclamation work is done, and first of all the construction of drainage 
and collector canals. These measures, however, would be justifiable only on the 
condition that the lands were supplied with enough water for leaching and irrigation. 

Irrigated farming is based mainly on the Farah water and partly on the use of 
groundwater, throu^ the use of karezes. 

It is established that 33,300 hectares of periodically cultivated land is 
available, out of which only about 15,000 hectares are annually cultivated and 
irrigated. This area can be provided with irrigation water from the river, using 
its natural regime. 

A large variety of field crops is a characteristic feature of the valley's 
agriculture. However, the principal crop in the valley is wheat, although 
considerable acreages are occupied by barley, alfalfa, clover and legumes 5 
comparatively small areas are taken for rice and cotton. Vineyards and orchards, 
vegetable gardens and melon fields are, as a rule, adjoining the villages. 

The cultivated lands are worked primarily by their owners, only a very 
small part being rented out to peasants. The latter have small plots, and there 
are only few holdings in excess of one hectare. The irrigated ga^eas are broken 
down into small individual plots and are usually very well levelled. 

A strictly applied crop rotation system does not exist, although it is usual 
to stick to certain crop-rotation practices in sowing individual crops. 
Wheat and barley are rotated rather freely, but cotton and rice are usually sown 
after Persian clover, alfalfa and pulses. 

Mineral fertilizer is not used; earth fertilizer, with an admixture of 
manure, is applied annually and on a comparatively large scale, mostly on the 
individual farmstead plots, where soils are as a rule intensively used. 
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GHAPOER 14 HYDROLCXIY 

!• Initial Data > In estimating hydrological characteristics for different 
damsites on the Fareih Rud, observed data of the Helmand Valley Authority at the Farah 
gauging station for the period from 1953 to I96I, were used, plus data for three 
hydrometric stations set up by the Project's Hydrology team. These data cover a 
period of observations from one to three incomplete years-. 

Data for the gauging station at Arghandab on the Arghandab river for the 
period of I948-I96I were also used. The Argiiandab river was selected as an 
analogue from the fact that it is subject to conditions of runoff more or less 
similar to those of the Farah Rud, and has the longest series of observations. 

Use was also made of work by Soviet hydrologists published in the USSR. For 
the sediment discharge of the Farah Rud, materials furnished by the German hydro- 
logical team and the Soviet Mission for the Kabul, Julga and Kharwar rivers have 
been used. 

The Project's hydrologists set up river gauging stations at the following 
points: 

1) Pitchi-Tangi station on the Fg^rah Rud at the Bakshabad site - set up at the 
end of i960. 

2) Malmand station on the Malmand river (left tributary of the Farah Rud) - seven 
kilometres above the mouth - set up early in I96I. 

3) Daulatabad station on the Farah Rud at the bridge, set up in March I96I. 

2. Regimes of the Rivers . The main features of the water regime of the Farah 
Rud are determined primarily by the climatic peculiarities and the relief of the 
basin (relatively low elevation of the catchment, unsteadiness of the snow cover 
at heights lower than 2,500-2,000 m., precipitation only during the cold season 
and none in June to October). 

The comparatively low height of the watershed predetermines the early snow 
melting in the upper parts of the catchment, coinciding with abundant rainfall. 
It results in a well-pronounced flood wave annually. The flood is of snow-rainfall 
origin. The run-off during the summer low water period is rather regular, and 
gradually decreases towards September-October as a result of groundwater depletion. 
The flood begins in March and reaches its highest levels and discharges in April. 

The amplitude of water level variations at the Pitchi-Tangi station in I96I 
was about 6 m. and the maximum discharge was over 1,200 m3/sec. During the summer 
low water period, water discharges here reach IO-I5 m3/sec. and in the autumn-winter 
months 20-30m-^/sec. At the same time at the Farah station, in the low water period 
water discharges do not exceed 80 litres/sec. All the water from the river upstream 
of Farah is taken for irrigation, and water flows reach the mouth of the river only 
dioring the high water period. 

3. Normal Annual Flow » Table 36 gives computed values of the normal annual 
run-off for the proposed dam-sites on the Farah Rud: Lashkagar, Alikinai and 
Bakshabad as well as actual mean annual run-off at the Farah station. 
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TABLE 36 - FAME RUD BASIN - NORMAL ANNUAL RUNOFFS 



Runoff Charaoteristio 
Normal annual discharge 



sec. 



Normal annual runoff, 
lan3/per annum 



Lashkagax 
41.0 

1.3 



Alikinai 



43.0 



1.35 



Bakshabad Farah 



44.0 



1*40 



48.4 



1.55 



4. Fluctuations of Annual Run-off . The annual runoffs of the rivers of south- 
western Afghanistan, including the Farah Rud, vary from year to year. Thus, on 
the Ar^andab river, over a 14 year observation period, the annual runoff varied 
within a range from 17.6m3/sec (1955) to 87.0m3/sec. (l957). On the Farah Rud, 
the annual runoff for the period from 1953 to I96I varied from I5.4 to 85.7m3/sec. 

In this connection, in designing hydraulic structures, it is important to know 
how the annual runoff would change over a long period. The flucttxation of the 
annual runoff over a 100-year period for the various stations on the Farah Rud 
were computed with the help of probability cxirves and Table 37 gives the discharges. 

TABLE 37 - FAHAH RUB BASIN - COMPUTBD MEAN ANNUAL DISCHABQES AT VARYING PROBABILITIES* 



^si't® Computed Mean Annual Discharges in m3/sec. with 9^ probability 

1 3 5 10 20 50 75 95 97 99 



Lashkagax 


103 


87 


82 


68 


56 


38 


26 


14 


12 


8 


Alikinai 


109 


92 


84 


73 


60 


40 


27 


15 


13 


9 


Bakshabad 


112 


94 


89 


74 


62 


42 


29 


15 


13 


11 



* probability - See Glossatry 

In designing hydraulic installations for irrigation purposes, probability 
is usually assumed as far as discharges are concerned. With such discharges, the 
annual runoff at Lashkagar, Alikinai and Bakshabad will be equal to 800, 85O and 
900 million m-^ respectively. 

5. Seasonal Runoff Distribution . The Farah Rud, like the majority of Afghan 
rivers, is characterized by an uneven runoff distribution within the year. The 
table below shows this distribution in ^ of the annual totals for different water 
years. 
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TABLE 38 - FARAH HUD BASIN - MONTHLY RUNOFF DISTRIBUTION IN ^ 

llype of 

Year Jan. Feb. Mar, Apr* May June July Aug. Sept Oct. Nov. Dec. Yearly 



Medixim (for 



many 


years 


4.9 7.6 


20.4 


27.7 


16.0 


5.8 


4.6 


2.2 


1.7 


2.0 


3.1 


4.0 


100 


High, 


1957 


3.4 6.0 


15.9 


32.7 


20.0 


8.5 


4.0 


2.0 


1.8 


1.6 


1.9 


2.2 


100 


Low, 


1962 


8.0 11.4 


14.5 


20,2 


12.8 


5.4 


3.7 


3.4 


3.6 


4.2 


5.0 


7.8 


100 



TABLig 39 - FARAH RUD BASIN- SEASONAL RUNOFF DISTRIBUTION IN H 



Type of year 


Spring 
Mar-J\ine 


Summer 
July-Sept 


Autumn-Winter 
Oct-Peb 


For Year 


Medium (for many yrs. 


) 69.5 


8.5 


21.6 


100 


High Year 


71.0 


7.8 


21.2 


100 


Low Year 


52.9 


10.7 


36.4 


100 



Note: To convert the percentages to quantities of runoff, it is necessary to 
use for normal years the annual discharges given in Para. 3 (Table 23) 
and to use the values of 81.0 and 10. 5 m^sec respectively for the high 
and low years. 



It is peculiar that in low years the annual runoff fo increases in the aut\imn- 
winter months, and is reduced in the flood period. 

6» Maximum Discharges . The maximum discharges of the Farah Rud are of rainfall origin 
therefore they are relatively considerably higher than those of rivers whose maximum 
discharges are formed by melting snow. 

Due to the irregularity of the rainfall in different ;years, the maximum discharges 
on the Hari Rud vary much. Thus, at Farah. the maximuni discharges during the period 
I953-I96I fluctuated f^rom I70 m3/8ec. (1958; to 2,210 m3/sec. (I956). Over this 
period the mean maximum discharge came to 1,210 mVsec. Upon auialysing all the 
available materials, the hydrologist of the Project adopted the following normal annual 
maximum discharges; for the Lashkagar damsite - 1,000 m^/sec, for Alikinai - 1,200 
m^/sec, and for Bakshabad - 1,300 m^/sec. 

Based on these discharges and the probability curve, discharges of various 
probabilities were computed of various probabilities for normal and exceptional 
conditions of flow for the proposed storage damsites. 
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TABLE 40 - MmMUM DISGHARQES OF FARAH BUD OF VAHIOUS PROBABILITIES 



Netme 



Operational 
conditions 



Maximixm water discharges (m^/ sec. ) 

oup otwo — — — 5^ 



Lashkagar 


ITormal 
Exceptional 


4,900 
5,900 


4,500 
5,400 


3,300 
4,000 


Alikinai 


Normal 
Exceptional 


6,000 
7,200 


5,500 
6,600 


4,000 
4,800 


Baksha'bad 


Normal 
Exceptional 


6,500 
7,800 


6,000 
7,200 


4,300 
5,200 



2,400 



2,800 



3,000 



1,900 



2,300 



2,500 



Note: 



The correction for the exceptional conditions is assiimed as 2(yfo added to 
the maximiira discharges computed for normal conditions. 



7* Minimum Discharges . In the low water period in summer when almost all the 
water is consumed for irrigation, it was not possible to use data of the Farah 
gauging station to determine the minimum flows. Instead, the data obtained from the 
Arghandab river were used to determine the minimum runoffs. 

Analysis of the mean monthly minimum and the mean annual discharges of this 
river established a fairly definite relationship between these quantities. Using 
this relationship and the normal annual discharges, the mean monthly minimm 
discharges were determined for the damsites as f -allows:- Lashkagar - 7.8 m3/sec., 
Alikinai - 8.3 m^/aeo. and Bakshabad - 8.35 mV^ec. 

Based on these discharges and the probability curves, computations of the mean 
monthly minimum discharges were carried out with nrobabilities ranging from 1 - 99^ 
that is for a 100 year cycle. 

TABLE 41 - FARAH HUD BASIN - MEAN MONTHLY MINirm DISCHARGES AT VARIOUS PROBABILITIES 



Name of Mean monthly minimum discharges in m^/sec. with probability in 5^ 

Damsite 1 3 5 10^ 20 50 75* — 97 99 



Lashkagar 


20.2 


17.0 


15.4 


13.2 


10.8 


7.1 


4.8 


2.5 


2.1 


1.5 


Alikinai 


21.4 


18.0 


16.4 


14.1 


11.5 


7.6 


5.1 


2.7 


2.2 


1.6 


Bakshabad 


21.6 


18.2 


16.5 


14.3 


11.6 


7.6 


5.2 


2.7 


2.3 


1.6 



These minimum discharges do not include the water abstracted for existing 
irrigation of lands situated upstream of the above-mentioned damsites. 
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^* Sediment Discharge « During the flood period, a very high silt oharge is 
observed reaching 8-10 kg. to a ra^ of water, but the quantity is negligible during 
the low water period when the surface runoff on the Parah Rud practically ceases. 

Making use of the analysis silt charge data of the rivers of Afghanistan and 
some neighbouring rivers in Soviet Middle Asia, a normal annual silt charge of 3.0 
kg/ra-^ was adopted for the Parah Rud. Using this figure and the known water discharge, 
the normal annual runoff of suspended load for each darasite on the Parah Rud was 
estimated. 



TABLE 42 - PARAH RUD BASIN - S EDIMENT DISCHARGE 



Name of Suspended Sediment dis- Basi n area Sediment dis- Ratio of sed- 

Damsite load runoff ch arge per yr . oharge per iment dis- 

(mill. tons sq, kms. of charge to wat- 

pe r ye ar } Mill, tons Mil, (kni2) catchment (tons) er runoff 



Lashkagar 


4.0 


4.4 


3.4 


15,300 


290 


0.26 


Alikinai 


4.1 


4.6 


3.5 


^ 18,300 


250 


0.26 


Bakshabad 


4.2 


4.62 


3.54 


19,400 


240 


0.25 


Note: Bed 


load is 


taken as 105 


0 of the 


suspended load. 
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CHAPIER 15 « MMS AND BESERVOIHS 

General Information , The soil surveys show that irrigable land in the Farah Hud 
basin amounts to 53,200 ha., of which 48,300 are in the Parah valley proper. However, 
a comparison of the discharge regime of the Parah Rud (Table 40) and the irrigation 
requirements show that the whole of this area can only be irrigated if run-off is 
controlled. 

Even under the present irrigation conditions, the peak-shaped nature of the 
Parah Rud runoff, when the water discharges sharply decrease starting from June, 
puts limits on the economic development of the province, forces cultivators to grow 
primarily grains, since there is a lack of water for more profitable crops. 

Based on the preliminary draft designs and reconnaissance hydro-engineering 
surveys, three alternative regulating reservoirs are proposed in the mountainous 
part of the Parah Rud basin. 

Their preliminary topographical and hydrological characteristics and distances 
from the city of Parah are given in Table 43. 



TABLE 43 - CHARACTERISTICS OP FARAH RUD RESERVOIRS 



Name of 
Reservoir 


Maximum Head 

U) 


Capacity of 
Reservoir 
(mill. sq. m.) 


Normal Annual 
Runoff 

(cu. km.) 


Distance from 
Parah city- 
dan.) 


Lashkagar 


91.0 


566.0 


1.3 


168 


Alikinai 


67.0 


540.0 


1.35 


116 


Bakshabad 


60.0 


572.7 


1.4 


96 



It can be seen from the above data that the maximum possible capacity of each 
reservoir is about the same, but the Lashkagar damsite is the farthest one from 
Parah and it would be necessary to build an access road, over 100 km. long, through 
very difficult mountainous country. 

Ihe geological-engineering conditions at the reservoir damsites on the Parah 
Rud are given in Voliime II. 

2. Water Control Scheme . Per an area of 59,200 ha., the total irrigation require- 
ments as at Bakshabad reservoir site will come to 843.6 million m3 whereas the 
normal annual runoff at the damsite is 1,400 million m3 per annum, and in a year 
of 755^ probability, 883 million m3. This shows that the T>lanned irrigation can be 
fully provided with water at 759^ probability (as assumed). 
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The oomparison of the water supply regime for the irrigation of 59,200 hectares 
with the natiiral regime of the Parah Rud shows that in a year with 50?^ probability 
from May through December, that is, for 6 months, there is surplus runoff of 
718.2 million m3, whereas from June through November, also for 6 months, the 
irrigation requirements exceed the natural runoff of the Parah Rud river, with 
a deficit of 268.8 million m3. Consequently, seasonal water control is necessary 
to ensure planned irrigation development in the Parah Rud valley. 

At an assumed water supply probability of the required capacity of 

seasonal water control is determined by computations of water balances for a year 
with such probability. 

Volume V gives the balance computations as well as the regulation (control) 
calculations for a year with 75^ probability. The calculations are done for 
monthly periods. 

The total runoff deficit in such a year, for eight months (from June through 
January) reached 366.3 million m3. 

On the basis of the above annual runoff deficit values, in a year with 75^ 

probability, the available storage of the reservoir is assumed to be 366 million 
m3. 

To illustrate the regime of the reservoirs in high years. Volume V also gives a 
balance computation for a year with 205^ probability. It should be pointed out 
that even in a hi^ year the irrigation runoff deficit is observed for a duration 
of 6 months, from July through December, and reaches 202.6 million m3. 

TABLE 44 - PARAH BJJD BASIN - BALANCE CQMPUTATIQNS FOR THREE TYPICAL YEARS 

(with 59 > 200 hectares irrigated) 



Balance Elements Quantities in Millions m3 with probabilities of: 



2(Jp ^Qffo 75^ 



Parah Rud Runoff 1,923.7 1,293.0 883. 0 

Irrigation Requirements (59,200 ha) 843.6 843.6 843.6 

Total surpluses within the year 1,282.7 718.2 4O5.7 

Total deficits within the year 202.6 268.8 366.3 

Surpluses of annual runoff 1,080.1 494*4 39.4 



The above data indicate the availability of free water resources in the 
Parah Rud basin. 

By long-term water control, which can be ensured through construction of several 
reservoirs, an additional 32,000 hectares could be irrigated (beyond the 59,200 
hectares) with the available runoff surpluses in a 50/^ probable year (494 million 
m3), the average irrigation quota being 14,250 m3/T)er hectare. 
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Unused lands are available in the Seistan valley where the surplus Farah Rud 
flows could be directed. This problem will have to be settled in the future. 

The storage required for seasonal control being 366 million m3, and the silt 
life equal to 50 yeaxs, the total capacity of the reservoirs, depending on their 
respective damsite locations, is given in the following table: 

TABLE 45 - REQUIRED CAPACITY OP FARAH HUD RESERVOIRS 



Name of 

reservoir 

damsite 



Lashlcagar 
Alikinai 



Required 
regulating 
capacity 
(mill. m3) 



366 
366 



Annual 
Sediment 
runoff 
(mill, m^) 



3.4 
3.5 



Sediment 
runoff for 
50 years 
(mill m-^) 



170 
175 



Losses from 
Reservoirs 
(mill. cu. m) 



30 

30 



Total 
Reservoir 
Capacity 
Required 
(mill. m3) 

566 
571 



Bakshabad 



366 



3.54 



177 



30 



573 



Because of its topographical conditions, the total capacity of the Alikinai 
reservoir cannot exceed 540 million m3, and its estimated silt life would thus 
be only 41 years. 

Tne possible regime of the three comparable reservoirs for the three character- 
istic years is given in Volume V, for the condition of irrigation requirements fully 
met. 

The estimations show that in resioect of compliance with the irrigation require- 
ments all the reservoirs are equally valuable. Because of the lower position of 
the Bakshabad reservoir, its evaporation losses are higher by 479^ as compared with 
Alikinai reservoir and by SO/t as compared with Lashkagar reservoir. 

In respect of power production, the Lashkagar reservoir is the most 
advantageous as the head is higher thou^ the water discharges are lower. If power 
generation by the Lashkagar reservoir is taken as lOQ/j then the Alikinai reservoir 
power production will be 73/^ and that of Bakshabad 6670. 

3. Headworks at the Reservoirs . In accordance with the irrigation development 
scheme described in Chapter 16 and the water control calculations given above, 
further integrated use of the basin's water resources is possible. The structures 
at potential reservoirs - to bring this about are briefly described below. More 
detailed descriptions are contained in Volume V. 

a) Bakshabad Installations . Due to the absence of fine-grain materials suitable 
for the impermeable dam core or facing, a rockfill dam is practicable only with a 
ferro-concrete facing. However, the occurence in the river bed of a tectonic 
displacement with a crushed zone would make the junction between the facing, the 
river bed and the banks complicated. Therefore, at this damsite a concrete gravity 
dam is recommended. 
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The installations include the followingt a daniy a hydropower station, a spill- 
vay and an irrigation outlet. 

It is planned to pass the maTiwuB flood discharge of 49 300 a^/seo* (l^ prob- 
ability) through four spillvay openings^ each with a span of 20 and a height 
of 8*8 m. fitted with segment gates* 

The present stage of the project does not consider the storage of the flood 
peak in the reservoir , as well as getting rid of a part of the flood through the 
power station and the irrigation outlets* 

It is anticipated to pass flood peaks of 3,000 ni^/sec* (5^ probability) 
during the construction period through two horseshoe->shaped tunnels, 437 ni« long 
and 12 m* in diameter* 

The dam foundation will be enolosed by 18*3 m* oofferdams made of sand and 
gravel* 

The irrigation outlets and the power station ducts will pass through the 
dam body and be fitted with gates* 

The total estimated discharge of the irrigation outlets will come to 65 m^/sec* 
giving a margin of 30^ over the discharge required according to the water control 
calculat ions * 



The passing of this discharge should be ensured at the lowest operating level 
of the reservoir* 

For each of the three generators of the power station (total capacity 24,000 
Kw*) there is planned the maximum estimated discharge of 19*7 or /sec, according 
to the irrigation schedule* The estimated head is 30 m* 

It is anticipated to close the saddle on the left side of the reservoir 
between the Farah Bud wd the Takhta-Taimar dry bed with a dam made of rock and 
gravel materials* 

The draft design of the hydropower installations, and the structure and dim- 
ensions of its elements are given in drawing No* 22 attached* 

A dam at the Bckkshabad site, with a head of around 60 m* will be able to create 
a reservoir with a total capacity of 372 million m^* 

b) Alikinai Installations * Twenty kilometres upstream of the Bsikshabad site it 
would be possible to construct the Alikinai dam €Uid reservoir* At a height of 
67 m* the reservoir capacity will be 340 million m^* 

The Alikinai installations will include: 



1) Concrete gravity dam« 

2j Irrigation outlet to paas (at the minimum head of I3 m^ a forced discharge 
of 34 vr/a^o. The regulating gates will be fitted into a special gallery in the 
body of the dam* From the same gallery the repair gates will also be operated* 
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3) Surface emergency spillway consisting of four spillway openings in the crest 
of the dam each wit^ a span of 20 m and a height of 8.4 m., controlled by segment 
gates* The draft^'^de signs are shown in Drawing No. 23. 

4) There is a saddle on the right side of the dam, that will he closed with a 
rockfill gravity daun with a ferro-conorete facing. 

5) A hydropower station with a capacity of 26,000 Kw. is located to the right of 
the emergency spillways, and the power house adjoins the dam. The estimated 
head is 50 m., the estimated discharge is 62.5 m3/8ec. There will be three 
generators. The water will be fed to the turbines through pipes incorporated in 
the dam body. 

6) The construction discharge will be passed through a tunnel 658 m. long. 

®) Lashkagar Installations. By its topographical conditions and location the 
Lashkagar works differ sharply from the two others. There is a narrow gorge, 
29 ffl. wide at the river level and I48 m. wide at the dam crest level, 90 m. high. 

However, the favourable topographical conditions are hanipered by the consider- 
able remoteness of the area from the existing highways, as well as from Parah town, 
the centre of the proposed water use* 

To make the construction of hydraulic installations possible at the proposed 
site. It would be necessary to build a motorable road, 100 km. long, of which at 
least 50% would be in extremely difficult mountainous conditions. Therefore, apart 
from a considerable ejqpenditure for the construction of the access road, necessary 
only for the construction, as the local needs are quite adeqioately met by pack tracks, 
extra expenditure for transportation of materials from outside will be necessary. 

Under such conditions it would be necessary to approach the problem of selecting 
a proper design for the installations with the utmost care. 

Owing to the narrow gorge, it would be obligatory to provide for the passage 
of river flows through a construction tiainel, irrespective of the type of the dam, 
whether concrete arch or gravity dam, or a rockfill dam with a ferro-concrete facing 
(no fine-grain materials are available for the dam core or facing.) 

The existence of a major river bend on the stretch under review would make it 
possible to straighten it with a construction tunnel, about 50O m. long. (in the 
case of Bakshabad and Alikinai, the lengths of the tunnels would be 437 and 658 m. 
respectively. ^ 

Althotigh the topographical conditions are extremely favourable for the const- 
ruction of a light arch dam, such a possibility remains doubtful because in the 
construction area there are major tectonic irregularities, and because only limited 
geological and engineering investigations have so far been possible. Taking all 
this into consideration, a rockfill dam with a ferro-concrete facing is proposed. 

The Lashkagar installations include the following elements: a rockfill dam with 
a ferro-conorete facing, a diversion tunnel, a horse-shoe shaped emergency spillway 
leading to the diversion tunnel; the construction of cofferdams and a hydropower 
station. The dam creates a reservoir with a capacity of 566 million m^ According 
to the water control calculations, the silt life of the Lashkagar reservoir is taken 
as 50 years, for which period the capacity required is I70 million m^, and the balance 
of available storage is 396 million m-^. M^xauo© 
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The design of the rookf ill dam is given in DrairixglTo* 24JJ!!he height of the dam 
is $1 m*| the orest width 4 ib«9 the height over the normal reservoir level 2 m.^ the 
crest length 147 the slopes 1*7 and the ferro-ooncrete facing is 30 to 90 cm. 
thick. 

The diversion tunnel is horse-shoe shaped, 12 m. in diameter, and is designed 
to pass a flood peak, of a 3?^ probability with a discharge of 2,400 w /sec. 
The height of the upstream cofferdam is determined at 20 m. to pass the flood 
peak. The trench-shaped emergency spillway is meant to pass the maximum flood 
discharge of 3f300 mi^/sec. with a 1.0^ probability. It is controlled by four 
gates, each 30 m. wide and 3.6 m. in height. At this stage of design it is not 
considered reasonable to take into acco\mt the reduction of flood peaks by the effect 
of the reservoir, or by flows passing through the power station. 

The water from the trench-shaped spillway passes to the diversion tunnel by an 
inclined shaft. It is intended to use the rock in the body of the rockfill dam. 

The hydropower station on the left bank with a capacity of 34,000 Kw. is of 
a derivation type, to be fed by a pressure tunnel. The rated head of the power 
house is 76 m. and, the rated discharge is 33 or /sec. 

The diameter of the derivation tunnel is 4*3 ^* Before the slope towards 
the hydro-power station, a surge chamber of 10 m. diameter is to be bjuiilt 
on the derivation tiinnel. 

At the station it is intended to instal three generators each 11,330 Kw. 
To pass the irrigation discharges, in case of an emergency halt, a passway is 
provided, housed in a special block. After passing through the station, the water 
is returned to the river. 

4» Quantities of the main work items and costs . A table is given below showing 
the main items of work and requirements for building materials and equipment for 
construction of hydraulic installations at the BeUcshabad, Alikinai and Lashkagar 
sites as well as their approximate costs. 



TABLE 46 - FARAH RUD BASIN - QUANTITIES OF MAIN WORK ITBttS AlTD COST OF PROJECTED 

RESERVOIRS 



No. Bescription 


Unit 


Bakshabad 


Alikinai 


Lashkagax 


1 2 


3 


4 




6 




Quantities of Work 






1. Removal of Rook 


thou, m^ 


137.2 


109.9 


971.6 


2, Removal of gravel from river- 
bed 


It 


73.5 


239.8 


1.9 


3. Tuiinelling 


n 


76.6 


114.3 


104.5 


4* Cofferdauns 


H 


53.5 


134.2 


40.3 


5* Saddle Dam 


If 


70.6 


61.8 
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TABLE 46 (Cont.) 



No» Description 


Unit 


Bakshahad 


Alikinai 


Lashkagar 


1 


2 


3 


4 




$ 






Quantities of Work 






6. 


Dsun oonoreting 


thou* m 


313.2 


763.0 




?• 


F6rro--ooncr6te deun facing 


If 


3.0 


1.8 




8* 


Concrete lining of diversion 
txinnels 


II 


20.8 


30.5 


104.5 


9* 


Gates 1 cuichors stnd hoists 


tons 


800.0 


780.0 


800.0 


10. 


Power equipment 


Kw 


24f 000.0 


26,000.0 


32,000.0 


11 • 


Rockf ill for dam "body 


thou, m^ 




— 


927.0 


12. 


Concreting of power house xmder- " 
water foundations 






2.9 


13- 


Ferro-concrete dam facing 


N 






18.8 






Building Materials 






1. 


Timber 


•1 


40.0 


30.0 


25.0 


2. 


Cement 


thou, tons 84*0 


200.0 


32.0 


3. 


Metal 


If 


5.5 


2.8 


2.4 






Building: Squipment 






1, 


Various excavators 


pes. 


10.0 


15.0 


12.0 


2. 


Concrete mixing plsuit 


If 


1.0 


3.0 




3. 


Concrete pumps ^ 20 m capacity 


5.0 


8.0 


2.0 


4-. 


Lorries and diimp trucks, general tons 
capacity of 


500.0 


700.0 


1,500.0 


5- 


Bulldozers 


pes. 


10.0 


12.0 


12.0 


6. 


Motor rollers.) 10 tons 


•f 


5.0 


5.0 


8.0 




Cost 


of Hydraulic Installations 




1. 


Total cost of the installations 1 thou, 
as a whole. 


15,550.0 


30,406.0 


16,370.0 



91 



The estimation of oonstruction oosts in Af^anistan, without knoiring the current 
rates, is extremely difficult. Therefore, the oonstruction costs for the Bakshabad, 
Alikinai and Lashkagar have been determined on a very approximate basis and are 
given merely to compare the alternative reservoirs for the Faxah Bud basin, in 
accordance with the established volume of work. 

The Bakshabad reservoir is the least expensive and the nearest to the irrigated 
lands, and it can be recommended for water control purposes, to ensure irrigation 
development on an area of over 60,000 hectares in other words, more than adeqtiate 
for the irrigable land in the Parah Rud Basin, i»e. 59,200 ha. 

Voliome V - Dams and Reservoirs - gives a description of the organization and 
execution of construction work, priorities, local quarries, and of some particulars 
of each of the various msxallaxions. 
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CHAFJKK 16 ^ POTBMTIAL JtBVBLQPIBBliT OF IMIQAflQH 

Sliortoomings in IrriCT>tion DeveloT)ment > The main shortcomings in the irrigated 
agriculture of the Parah Rud valley are as follows: 

i) Lack of proper control over water distribution, which leads to an excessive 
water intake during the flood period, flooding of the adjoining lands and 
an increase of the groundwater level. During the low period, the river 
flows are entirely taken for irrigation and only return flows come down to 
the lower valley. Th±a causes damage to or loss of crops in the lower 
valley. 

ii) Bie rise of the ground water levels brings about waterlogging in low areas 
and intensive salinization. Considerable acreages have fallen out of 
cultivation and some lands have been abandoned. 

iii) The sharply-peaked Parah Hud flow regime contributes to these shortcomings, 
and makes it necessary to grow primarily grain crops. 

iv) Because of lack of water for irrigation and a shortage of manure, in order 
to maintain the fertility of the lands it is necessary to use a crop-fallow 
system whereby only a third of the area is sown and the rest is left fallow. 

In the light of this situation it would be necessary: 

i) To bring order to the water distribution system, for which reconstruction 
of the irrigation network would be needed. 

ii) To fight the ever-progressing salinization of the irrigated lands, by building 
a system of collector-drains. This drainage system should be laid out in 
such a way that the lands could be drained gradually without waiting for the 
completion of all the work. 

iii) Purther to develop irrigation in the valley and change towards a more inten- 
sive economy, by controlling the water of the Paxcih Rud, thus increasing 
the supply for irrigation purposes during the low water period. 

2. Land Reserves . The irrigable areas in the Parah Rud basin are shown in Table 47. 
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TABLE 47 - FARAH HJD - LAND CLASSES AND THEIR LOCATION 



At Daulatabad Between Diahk ^ . 
and Dezak and Parah Juvain Totals 







Heotsores 




Hectares 


9^ 


Heotaxes 




Hectares 


?5 


Class 


2 


5000 


8.4 


25,000 


42.3 


1740 


2.9 


31,740 


53.6 


II 


3 






2,600 


4.4 


850 


1.4 


3,450 


5.8 


II 


4 






5,800 


9.8 


1800 


3.0 


7,600 


12.8 


It 


5 






14,900 


25.2 


1500 


2.6 


16,400 


27.8 


Totals 




5000 


8.49^ 


48, 300 


81.7^ 


5890 


9.99^ 


59.190 


100. 09^ 



It should be pointed out that the Juwain lands form a separate area situated 
about 80 km. below the city of Parah. It would be reasonable to provide this area 
with water throu^ the use of the return flow from the drainage-coileotor system of 
the main land blook situated between Dishk and Parah. However, in preparing water 
control computations, the water supply for this area has been allowed for in full. 



Table 48 gives the land classification of the main area situated between 
Dishk and Parah with the areas on the left and the ri^t banks shown separately. 

TABLE 48 - FABAH HPD - MAIN LANDS ON BIGHT AND LEPT BANKS 



Land Class 


Left Bank 


Bi^t Bank 


Total 


II 

II A 

II Tk 


910 
3,220 
4,100 


2,290 
4,380 
10,100 


3,200 
7,600 
14,200 


Total II 

III A 

IV A 
7 A 


8,230 
1,130 

2,730 


16,770 
1,470 
5,800 

12,170 


25,000 
2,600 
5,800 

14,900 


Total 


12,090 


36,210 


48,300 
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These areas have been adopted in working out an irrigation developsent scheme 
in the Farah Bud basin on the Dishk-Farabi stretch. 

3. Regime of Irrigation Water Supply > The following regime of water supply per 
hectare of irrigable lands has been adopted: 

Jan. - 800 m^ Apr.- 1,000 m^ July - 2,000 m^ Oct. - 78O 

Feb. - 890 " May - 800 " Aug. - 2,000 " Nov. -1,000 " 

Mar. -1,150 June -1,800 Sept.- 1,200 " Dec. - 83O " 



Total: 14,250 m3 

It should be noted that the above average irrigation requirement of 
14,250 m-^ per hectare (at the point of water intake from the river), taking into 
account canal and evaporation losses, does not cover the quantities of water 
needed for initial leachings. However, as the new lands are to be gradually 
developed, it would not be necessary to allow specially for the leaching, or to 
provide an extra margin in the discharge capacity of the irrigation canals. 

4* Irrigation Water Requirements . In accordance with the above-mentioned average 
irrigation requirements, the following regime will have to be established for the 
total water supply for an area of 59,200 hectares in the Farah Rud valley: 

Jan. - 47.4 mill, m^ May - 47.4 mill, Sep. - 71.0 mill. m3 

Feb. -52.7 " June - 106. 5 Oct. -46.2 

Mar. - 68.1 " July - II8.4 " Nov. - 59.2 » 

Apr. - 59.2 " Aug. - 118.4 " Dec. - 49. 1 " 



Total: 843.6 mill. m3 

These water consumption values are used in fxirther water control calculations 
below. 

5. Irrigation Development Scheme . To illustrate the main principles of building 
a prospective irrigation system in the basin, and to investigate the required 
quantities of work involved in its construction, a draft design has been prepared 
for the Dishk-Farah lands with an area of 48,306 hectares. 

In pre^mring the design, the drawbacks of the present irrigation, were taken 
into account, and the following principles were established: 

1) Because measures for the prevention of waterlogging and salinity will be most 
important for irrigation development, these measures should be started immediately. 

This would call for the use of the Farah Rud bed as the main drainage collector, 
making it possible to carry out the drainage of the existing irrigated areas without 
waiting for the completion of their full reconstruction, and thus to ensure this 
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reoonstruotion in stages. 

2) The use of the Farah Rud bed as the main collector determines the position 
of the main canals, which must follow the external boundsiries of the area to be 
irrigated. 

3) The headworks (barrage) should be built 2 km. above Dishk village. In view 

of the fact that the river transports a large quantity of suspended load, especially 
during the flood period, it is necessary to arrange for silt control at the head 
intake structure. This could be achieved by creating a c3*osswise circulation of the 
flow through a curved approach to the headworks. In such a case, the intake must 
be on one bank. As more water will enter the right-bank canal, the intake for the 
whole should be concentrated on this bank, and from it a culvert syphon housed in 
the headworks structure should carry water to the left bank canal. 

The layout of the irrigation scheme based on these principles, is shown in 
Drawings Nos. 12 and 17 indicating the irrigation network and the longitudinal 
profiles of the canals. 

In accordance with the irrigation requirements and the distribution of 
the areas between the two banks, the maximum estimated intake of the right bank 
canal is 27.0 m3/sec., and that of the left bank canal is 9.0 m3 /sec. 

With a safety margin of 20?^, the design capacities of the canals would be 
respectively equal to 38.4 m-^ /sec. and 10.8 m^sec. 

Particiilars of the planned distribution network, including the areas assigned 
to various distributary canals, and their estimated normal and maximum discharges, 
and lengths, are given in Vol\ime V. 

The average slope of the valley down the river is about I.5 m. to a kilometre. 
The elevation difference between the head and the tail of the ri^t-bank main canal 
comes to 55«0 m., and with its length being 43.2 km., the average gradient is equal 
to 0.00127. The fall of the left-bank canal is 36.5m. and its length is 26.4 km. 
giving an average gradient of O.OOI38. The existence of such gradients on the canals 
would require a few* drops to reduce the water slopes and velocities of flow. 

The drops will be located at the offtakes of distribution canals. Fourteen 
drops with a total fall of 31.24 m. are planned on the right bank canal, the 
maximum drop being 4. 03 m. and the minimum drop 0.77 m. The left bank main canal 
has 7 drops with a total fall of 13.9 m., the maximum drop being 2.73 m. and the 
minimum drop 1.20 m. 

The drops will necessitate the removal of considerable volumes of earth, especia- 
lly from the right bank canal. In the next stage of design the selection of an 
economically justifiable drop hei^t would be necessary, through comparison of the 
cost of building drops with that of excavation from the canal. 

6. Quantities of Main Work Items and Costs . To find out the quantities of work 
for the distribution network, two distributors have been designed, PR-8 and LR-5. 
Parallel to the distributors collector channels have been planned which will tsike 
water from the drainage network. 
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The collectors PK-7 and LK-4 are expected to be used as escapes from the main 
canals 9 haying in mind the possibility of passing through them up to ^0% of the canal 
reaching their points of offtake. As the water will be passed within a very short 
lapse of time^ no special deepening of the channels would be required. 

The estimation of the quwtities of work for the main, distributor and collector 
network has resulted in the following specific indices per hectare of irrigated areas 



1* Main canals: 



Excavation 

Bfitnking 

Concrete 



35*0 m^ 
8.7 " 
1.3 " 



per hectare 
If ti 
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ti 



2. Distributor network: 



Sxcavat ion 

Banking 

Concrete 



3.0 m^ 
12.3 " 
0.4 " 



If 
II 



ft 
It 
If 



3* Collector network: 



Excavation 
Concrete (pipes) 



59.1 m^ 
0.3 " 



ft 
II 



It 
If 



The specific guamtities of work for the minor irrigation and drainage network 
have been based on the data established in designing the irrigation scheme in the 
Herat valley where designs of typical plots were worked out, giving details of all 
the qufiuitities of construction work. These indices to an area of one hecteure 
are given below: 

4. Irrigation network: 



Excavation 

Banking 

Concrete 



20 
18 
0.16 



m* 
If 



It 

N 
ft 



ft 
ft 
ft 



Water collector network: 



Excavation* 



80 m- 



ft 



ft 



* In the Herat valley with its limited development of the drainsige network, the 
excavations are 40 m3 per hectare • For the Parah valley this f;igure has been 
doubled. 



6. Field Levelling: 



7. Head Ketwork: 



Concrete for roadway 

structures 
Surfaced roads 
Dirt roads 
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m- 



ft 



0.06 m^ 

6 lin. m. 
40 lin. m. 



It 



It 



8. Afforestation belts, with trees and 
bushes planted four deep. 



7.1 lin. m. 



97 



Summing up all the specific quantities of work per hectare} the following 
'es result: 



figures result: 

Earthwork 



Excavation 282.1 m3 

Banking 39*0 " 

Concrete 2.22 " 

Serious difficulties exist in estimating the costs of construction work. 
Afghanistan lacks wide construction experience and therefore has no authorized 
quotations for various types of work. Moreover all the transportation is 
effected by hired motor-cars, draft or pack animals. Nor are there any established 
transportation rates. At the same time the construction will require consider- 
able amounts of non-local materials that would have to be transported over great 
distances. Based on the scanty data available on the costs of individual work 
items for the projects already completed or still under way in Afghanistan, and 
assuming as reasonable the following rates per m^ of the main items, such as: 

Excavation S 0.5/m3 

Banking Z 1.0/m3 

Concreting $ 100.0/m3 

the total cost of the irrigation network for an area of 59* 2 thou, hi^ctares would be: 

Excavation 282.1 x 59.2 x 0*5 « J 8.35 million 
Banking 39*0 x 59*2 x 1.0 - . $ 2.31 million 

Concreting 2.2 x 59.2 x 100.0 • t 13.14 million 



Total 


$ 


23.80 


tl 


Work not specif- 








ied in detail - 50^ • 


$ 


11.90 


tl 


Intake headworks on the Farah Hud « 


S 


4.60 


It 


Grand Total 


s 


40.30 


If 



Consequently, the estimated expenditure for irrigation of one hectare of the 
Faraih Rud lands (without the reservoirs) would amount to I 68O. 
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CHAPTER 17 POTENTIAL DEVELOPMENT OF HYDROPOWER 

The water balance calculations carried out within the frame of the water 
control scheme, have indicated that in developing irrigation in the Parah Rud 
basin on an area of 59.2 thousand hectares, it would be sufficient to regulate 
runoff in one of the three reservoirs under consideration. 

It is therefore necessary to determine the power potential of each reservoir 
in order to ascertain which is the best in this respect. 

Volume V - Dams and Reservoirs - gives estimations of the possible capacities 
of the power outputs of the power stations at Bakshabad, Alikinai and Lashkagar 
for years of 50%, 75^ and 20^ probability. 

On the basis of these data, it would be possible to determine in the preliminary 
estimates, with a considerable degree of accuracy, the normal annual power output 
of the stations as the mean of power outputs for low, medium and high years. 
These and other main indices for the hydropower stations are quoted in the following 
table s 



TABLE 49 - FARAH RUD RESERVOIRS - HYDROPOWER RESOURCES 



Name of 
Station 



Rated 
capacity 
(thou. Kw. ) 



Normal ann- 
ual power 
production 
(mill. Kw-hrs.) 



Mean dis- 
charge 
(m3/ sec. ) 



Mean 
Head 
(m.) 



Distance from 
Farah Town 
(km.) 



Bakshabad 


24.0 


132.6 


41.9 


52.4 


96 


Alikinai 


26.0 


143.0 


41.0 


58.0 


116 


Lashkagar 


34.0 


188.2 


39.2 


79.2 


168 



From the above data it could be seen that the Bakshabad hydropower station 
possesses the smallest potential resources. The Alikinai power output would exceed 
that 01 the Bakshabad station by 7-8^, whereas the Lashkagar station would generate 
41> more power than the Bakshabad station. 

As the hydropower stations are not the main components of the complex, the final 
selection of a recommended version would be made when deciding on the whole complex. 
The above data would be of help in choosing the reservoir version. 
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GHAFCER 18 -> OOFCLPSIOHS AND HECOMMEHMTIONS 

!• The availability of fjree irrigable lands in the Farah Had vallej as well 
as of water resoiirces now only partially utilized without water control measures, 
and of ample man-power resources in the valley , are factors in favour of planning 
irrigation development in the very near future » in order to boost the economy and 
culture in this part of the country. 

2* It has been established that lands of Classes II and III account for : 21^600 
heotares in the Farah valley, 3>000 hectares at 2)aulatabad and 2,340 hectares in 
Juwain. Ihese lands need only water. Kieir general character is such that they 
would require the minimum amount of work in measures of reclamation. 

To develop irritation on these lands, construction of a reservoir would be 
required since \mder the present conditions without water control only 5^?^ of these 
lands are being irrigated. 

Class IV lands in the Farah valley (3,800 hectares) and in the Juwain ( 1,800 
hect8u:es) are also suitable for irrigated agriculture, but their present condition 
would require special reclamation. 

Class V lands (149 900 hectares in the Farah valley) occupy now a special 
position. All these lands were irrigated in the past and were later abandoned for 
cultivation because of their hi^ salinity and alkalinity. Restoration of these 
lands is quite possible, but it would be necess€U?y to carry out much large-scale 
reclamation involving in the first place the establishment of a drainage system 
and also the provision of water for reaching purposes for a number of years. 
However, in planning a dam and reservoir on the Farah Hud, the capacity of calctxlations 
should also take into account the possible reclamation of Class V lands in the future. 
In this case it should be necessary to carry out technical and economic computations 
to justify restoration of these lands. 

3. Under the present conditions, irrigated agriculture mainly consists of grain 
crops idiioh occupy over 80^ of all the annually irrigated aa?eas, with all the 
summer crops having a scant 20fo share. Such a proportion of crops is necessitated 
by the natural regime of the river throughout the year, and the peasant must adjust 
himself to this regime. Any change in the regime may be possible only by regulation 
of the run-off. 

The provision of irrigation water to lands of Classes II, III, and IV and the 
introduction of more profitable industrial crops, should be one of the main tasks 
in planning irrigation development in the Fc^rah valley where unused land, water and 
man-power resources are available, to say nothing of the favoiirable climatic condit- 
ions of this valley for the development of valuable crops ^ioh are already required 
in quantity for the country's own developing industries. 

4. Only an insignificant part of the lands is sown and irrigated intensively. 
The greater put of the lands suitable for irrigated farming is used only once in 
2-3 years. To reduce the fallow period and to increase the irrigated ctrea, it 
would be necessary first to have additional water for irrigation waters. In all, 
irrigation development will requires 
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a) Improvement or reconstruction of the existing irrigation systems 

b) Construction of regulating hydraulic structures on the canal 

c) Construction of drainage and collector-disposal system 

d) Regulation of nater use and distribution 

e) Efficient management of the valley water resources, and also registration of 
land and irrigation water use. 

Establishment of control over the distribution of the available irrigation 
water must be the first step on the way to irrigated farming develofwient in the 
valley. At the same time, the introduction of mineral and organic fertilizer into 
the soil, as well as the application of modern techniques of cultivation should 
be given priority in the improvement of agriculture. 

Even under the existing conditions, with shortage of irrigation water, and 
with vast areas of waste lands kept fallow, almost 50^ of the valley area is 
saline in varying degrees and has hi^ levels of groundwater. In the absence of 
proper control over the use of irrigation waters, salinity would clearly increase 
even under the existing conditions, and the more so if, in the future, the water 
intake is increased as a result of a reservoir. The more water is fed to the 
area in the upper valley, the more would soil salinization increase and the ground 
water levels rise in the lower valley. Therefore, to prevent the abandonment of 
lands from cultivation, and to maintain their fertility, the necessity of balancing 
water use throu^ proper control over irrigation, and of establishing the drainage 
and collector network over the greater pairt of the valley is once again 
emphasized. 

5. In the Parah valley, as in the valley of Herat, summer crops suffer heavily 
from the winds which, at velocities up to 4O km./hr. considerably reduce during 
the summer months the productivity of the agricultural crops. 

To reduce the harmful effects of the wind in the valley over a wide area, it 
would be necessary to provide special wind-protective belts of trees and bushes. 
These would also reduce and possibly eliminate soil erosion caused by the wind, as 
well as improve the valley microclimate. 

6. A number of siiggestions directed at improvements in the existing farming and 
development of additional irrigated agriculture in the Farah valley are given in 
the report by O.T. Osgood - ''On the Use of the Land and Water Resources of the 
Parah Area". These recommendations deserve much attention on the part of the 
Government authorities, and particularly of the Ministry of Agriculture. 

?• Development of the land and water resources of the Parah Rud valley in accord- 
ance with the proposed irrigation scheme, is possible, provided that the run-off is 
regulated in accordance with the calculations for water control. 

8. The irrigation development scheme is planned for the area of 59,200 hectares by 
gravity, with easy conditions of water intake from the river. The valley has 
favourable topographical conditions for the construction of an irrigation distrib- 
ution network. However, the existence of over 15,000 hectares, which are saline 
in various degrees would require comprehensive hydrogeological investigations in 
the future throu^out the valley, with the object of designing and constructing a 
satisfactory drainage system. 
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9« The surveys and preliminary designs of the three reservoirs at Bakshabad, Ali- 
kinaii and Laahkagaur have established that by constructing one of these it will be 
possible to increase the present irrigated axes, by about 43^000 hectetresi up to 
about 60,000 hectares, under crop rotations including up 30^ of industrial 
crops* 

Of the three reservoirs, that at Bakshabad is the nearest to the irrigated 
areas, as well as the least expensive, and therefore it is recommended for water 
control in the Farah Rud basin. The cost of this reservoir would amount to 
US S 13*33 million, equivalent to a specific expenditure of $262 per hectare of 
irrigated area, of 69 > 200 ha» 

The total cost of irrigation development over this axea, comes to US S40«30 
million, equivalent to a specific expenditure of S68O per hectare. 

Consequently, the total of irrigation works in the Parah Rud valley, including 
the cost of runoff regulation in the Bakshabad reservoir, for the entire area of 
39,200 hectares would amount to US$ 33.83 million, equivalent to US$ 942 per 
hectsLre. 

Further particulars of the irrigation development envisaged in the valley of 
the Faxah Hud are given in Volume V of this Report. 

10. !rhe potential hydropower of the three alternative storage projects is estimated 
t ' i follows:- 



Project 


Hated 
Capacity 
(Thous. KW) 


Normal 
Annual 
Production 
(Milln. KW-Hrs) 


Mean 
Discharge 

(m3/8) 


Mean 
Head 

(a) 


Distance from 
Farah Town 

(Kin) 


Bakshabad 


24.0 


132.6 


41.9 


52.4 


96 


Alikinai 


26.0 


143.0 


41.0 


58.0 


116 


Lashkagar 


34.0 


188.2 


39.2 


79.2 


168 



All can develop power on a large scale ^ Lashkagar having the greatest potential and 
Bakshabad the least. But considerations of power are much less important than the 
other factors mentioned in 9 above, in deciding which of the three alternatives should 
be selected. 
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KABPL MSIir 
Chapter 19^ MSEg DBSCBIPTIOlir 

!• General Information ^ The Kabul Basin, in the north-east of Afghanistan, is 
asymmetrical, the left hank tributaries being muoh more important than those on 
the ri^t bank. The Kabul river has a total length of 360 Kin. within Afg^ianistan, 
and another I4O Kin. in Pakistan before it joins the Indus. The catchment area 
within Af^anistan, including the Kunar river, is 75,390 Km^. To the north, the basin 
is bounded by the Hindu Kush, whose snows feed the Panjshir flowing south-west, and 
the Caiorband flowing north-east to join it. After their confluence, the Panjshir, 
whose catchment area is 14)900 km^, receives a small river, the Shakrar ])EU?a, on its 
ri^t bank, before it flows into the Kabul river. 

The Kabul river itself rises at the foot of the Unai Pass, being bounded on the 
north by the Kuh-i-Baba range of Central Afghanistan. It flows eastwards, and above 
Kabul city is known as the Bala Maidan. Below the city, it is joined from the south- 
west by the Logar (catchment aurea 11^430 km^), receiving the Panjshir some 40 km. 
further east. Other important left-bank tributaries are the Alishang, with a catch- 
ment of 7,900 km2 and the Kunar, which has a catchment of 26,8lO km^. The two last, 
and the Surkhab, a much smaller right-bank tributary, were not included in the 
Project surveys. 

Biere are also many minor tributaries, which are usually dry during the sxammer. 
During the heavy rains, however, at the end of winter and in spring, floods carrying 
much debris may occur on these streams, doing extensive damage to the peasants' farms. 
Thus, in I96O the specific maximiun discharges of the streams below the Surkhab mouth 
reached over 2,000 litre s/sec. per km2. 

All the rivers of the basin are widely used for irrigation. As a result, even 
some major tributaries, such as the Logar, Surkhab and the Upper Kabul may almost 
dry up during the summer period of intensive water consumption. 

In recent years, the waters of the Kabul river have been used for the generation 
of power. Up to the present, the Sarobi power plant has been the largest, with a 
capacity of 22,000 kw. Now, the largest station in Af^anistan, with a capacity of 
60,000 Kw, is under construction on the Kabul river at Na^lu. 

2« Climate . Three climatic zones can be distinguished in the Kabul basin; the 
plains and foothills, the zone of medium elevation from 1000 to 25OO m., and the 
alpine zone. 

The first zone includes the Jalalabad valley. Though this valley is at the same 
latitude as Kabul and Herat, its climate is quite different, on accotint of their 
elevations and reliefs. 

Prom the north the Jalalabad valley is protected from cold winds by high 
mountains. At the same time, it is affected by the warm monsoon from India. Tbiese 
conditions make its climate the warmest in Af^anistan. Here January, the coldest 

month, has a mean monthly air temx>erat\ire of 3^^ 9 ^t^^ July the hottest month, 
over 33^C. The range of daily air temperatures may be from 20 to 35^C. 
Sometimes, late in the autumn and in winter, mild frosts occiir at nig^t. For 

instance, in January I962, the Jalalabad met. station recorded a minimum air tempera- 
ture of -40c. 

In the second zone, that is, at the height of Kabul, Karazemir and GQiazni, over 
1500 m. the mean daily air temperatures in the summer period rise to 20-25^0 between 
June and August, are about 10-20cC in the spring and autumn, and fall to 00- -5^ in 
winter. In the upper portion of this zone, the three winter months of December to 
February have mean monthly temperatures below freezing point. 
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In the alpine zone, the duration of the period when mean monthly temperatures 
are helow zero increases suhstantially, and reaches 6 months in the area of the 
southern Salang meteorological station. Here the mean monthly temperatures in the 
summer months fluctuate within + 9-12^0 • 

Estimations indicate that above a height of ahout 4,500 m. in the Hindu-Kush 
mountains, mean monthly temperatures below zero prevail throughout the yestr. 

a) Air Temperatures . Table 50 below shows data for five meteorologioal 

stations, and also computed air temperatures for an elevation of 4,000 m. 

TABLE ^0 

KABPL BASIN MEAN ANNUAL Alfi TEMPBRATOBBS 



Mean Monthly Air Temperature (Co J 

Meteoro- 
logical Jan. Feb. Maur. Apr. May June July Aug. Sep. Oct. Nov. Deo. ^^^^^^ 
Station ^^^^ 



Jalalabad 


- 4.6 


6.7 


15.6 


Kabul 


- 3.7 


-1.7 


7.0 


Karazemlr 


- 4.0 


-2.2 


5.7 


(Siaznl 


- 5.7 


-3.7 


4.9 


South 


- 8.4 


-7.5 


-4.1 


Salang 








4»000 m 


-12.0 


-10.9 


-7.1 



22.0 26.4 30.8 33*7 32.9 25.1 20.4 14*2 8.4 19.2 

13.2 17.3 21.6 24.3 23.5 18.0 11.6 * 5.6 0.0 11. 4 

11.3 15.1 19.1 21.5 20.9 15.8 9.8 4.4 -0.7 9.7 
10.9 14.9 19.1 21.8 21.0 15.6 9.3 3.5 -2.0 9*1 

1.4 5.2 9*3 11.8 11.0 5.9 -0.1 -4.7 -6.9 1.0 



"b) Precipitation In the alpine zones precipitation occurs mainly in 

the months of November to May. However, in contrast to other areas in 
Afghanistan, in the Kabul basin precipitation takes place also during 
the summer period, though not in significant amounts. This precipita- 
tion is caused by the monsoon from India. As in many other mountain 
regions, precipitation here increases with height. 

A peculi8u?ity in the distribution of precipitation over the basin 
is the fact that in its northern part, that is on the left bank of the 
river, precipitation is twice to three times that in its southern Dart. 
This is explained by the fact that the surrounding mountain ranges are 
hi^er on the north than on the south. Air masses passing over the 
basin area only sli^tly saturated, part with their moisture more easily 
over the hi^er portions of the basin. As a result, the left-bank 
tributaries of the Kabul carry considerably more water than those on 
the right-bank. 



In the plains and foothills precipitation throughout the year 
occiurs mainly as rainfall althoii^ in winter time there are quite 
frequent snow falls never forming any lasting snow cover. 

In the alpine zone precipitation occurs solely in the form of snow. 
Over the greater part, a lasting snow cover persists throughout the 
cold period and only disappears by the middle of the summer (June-July). 
In the Kunar basin, there are glaciers and eternal snows. 
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Table 51 below shows figures of the mean monthly precipitation for a 
long-term period at the five meteostations. 

TABLE 51 

KABOL BASIN - MEAN MONOHLY PRECIPITATION 



Name of 






Monthly Mean Precipitation in MM. 








Station Jan 


Feb 


Mar 


Apr Nay June July Aug 


Sep Pot 


Nov 


Dec 


Annual (mm) 


Jalalabad 25.2 


25.2 


29.7 


54.0 10.0 0.8 6.7 4.9 


8.9 40.0 


18.2 


19.0 


242.6 


Kabul 42.0 


50.0 


61.4 


69.5 25.0 4.5 4.6 5.4 


1.8 8.8 


13.6 


34.5 


321.1 


Karazemir 48. 0 


57.0 


69.0 


78.8 28.0 4.6 4.8 6.0 


2.0 9.5 


15.0 


38.3 


361.0 


Ohazni 39 . 1 


29.7 


65.6 


66.9 26.6 11.0 38.1 1.0 


0.0 0.0 


22.4 


33.6 


334.0 


South 
















Salang 102 


132 


190 


280 58 8 9 11 


4 17 


27 


77 


910.0 



The figures for the Karazemir and South Salang stations have been adjusted 
to a 30-year period, whereas the figures for Kabul, Jalalabad and Ghazni 
stations are based directly on the observed data over 30, 8, and ^-^yedLxa 
respectively. 

o) Evaporation Because of high air temperatures and low humidities in 
the Kabul basin, especially in its lower zones, rates of evaporation 
are hi^« In the absence of observations of evaporation from water 
surfaces in the various parts of the basin, estimated figures are 
given in Table 52, based on the air temperatures and humidities. 

TABLE 52 

KABUL BASIN - ESTIMATED MEAN MONTHLY EVAPORATION PROM WATER SURFACE 



Mean Monthly Evaporation in mm 



Station 


Jan. 


Feb. 


Mar, 


Apr. 


May 


June 


July 


Aug. 


Sep. 


Oct. 


Nov. 


Dec. 


Annua' 
(mm) 


Jalalabad 


90 


110 


170 


210 


260 


340 


360 


330 


160 


120 


110 


110 


2370 


Kabul 


50 


70 


120 


140 


180 


210 


220 


210 


150 


130 


80 


50 


1610 


Karazemir 


40 


60 


110 


140 


160 


180 


200 


180 


130 


100 


70 


50 


1420 


GQiazni 


30 


50 


100 


140 


180 


190 


200 


190 


140 


100 


60 


40 


1420 



It is difficult to judge how closely these values approach the actual 
rates of evaporation. They can probably be safely used in the first stage 
of designing the hydraulic works, but they require to be checked by direct 
observations as soon as possible. 



Although the Kabul basin is better covered by meteorological observations 
than the other parts of Afghanistan, it is still difficult to furnish mope 
detailed descriptions of the climate, since the mountainous terrain with deep river 
valleys and high watershed ranges creates a large variety of conditions in different 
parts of the basin. 

The climatic information given above is based on the data provided by seven 
meteorological stations with varying periods of observation series. Table 53 below 
lists these stations, their bearings, elevations and their respective years of 
observations. 
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TABLE 53 



METEOROLOGICAL STATIONS IN KABQL AREA 



Name of Co«"ordinates Elevation * Years of 

Station Latitude Longitude above sea level Observations 

_im} 

Kabul 34^33' 69^12' 1763 30 

Karazemir 34^40* 69^05' l822 4 

Kabul (Seraj) 35^08 » 69^15' I628 1 

North Salang 35^22 • 69^03' 3350 1 

South Salang 35^16* 69^03' 3100 1 

Jalalabad 34^35* 70^27' 550 8 

Ghazni 33^33' 68^25' 215O 5 



Analysis of the data obtained for these stations shows that the principal 
factor determining the climate is not the latitude and longitude of the various 
parts of the basin, but their elevations above sea level and their orography. 

3. Vegetation and Fauna . The Kabul basin, like the majority of other parts of 
Afghanistan, is notable for its poor vegetation and animal life, as described in 
Chapter 3« ^ 

However, in a number of valleys where rivers have formed narrow strips 
of flatter land with at least a scarce top soil, great efforts have been made to 
preserve and build up the soils, using every square meter for crops. 

Trees found in the cultivated areas near centres of habitation include 
oaks, ashes, willows, poplars, conifers and palms, as well as fruit trees; grapes 
are also grown. 

4» Population . According to official figures the population of Kabul Province 
is about 1.6 million. This is one of the most densely copulated provinces in 
Afghanistan, about 310,000 people inhabiting Kabul, the capital of the country. 
The population is varied in its national composition, Af^ans comprising over BOfo, 

The main occupations of the people are agriculture and the breeding of live- 
stock, but about 15/^ eire employed in handicrafts, trade, industrial enterprises and 
civil service. As elsewhere in AfgJIianistan, the population is very unevenly 
distributed. In the mountains, which form some 70'^ of the total area, there is no 
resident population. The people are mainly settled in the valleys of the Kabul river 
and its tribut€a*ies, such as the Bala Maidan, Logar, Panjshir, Qhorband, and others, 
where the presence of soils and water make agriculture possible. 

5» Roads and Means of Communication. The part of the Kabul basin covered by the 
Project, as compared with other parts of the country, has a quite well-developed 
network of roads of different grades usable by motor transport throughout the year. 
Prom the city of Kabul roads radiate in all directions, giving access to all regions 
of the country as well* as to the nei^boxiring foreign states. The northern paa:t of 
the basin is linked by a first-class road to Jabal-Seraj, through Karabagh, Charikar 
and Gulbahar. Branches of this road, along the rivers Ghorband and Panjshir, have 
quite satisfactory gradients and sufficiently wide metalled surfaces. 
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Towards the south-west runs the main trunk road to Ghazni, now being reoonstruot- 
ed with USA aid. Connected with this is a wide network of motorable dirt roads, 
which include that to the upper reaches of the Logar valley, where the Kajao reservoir 
may be built; this too can be used by motor vehicles throughout the year. 

The damsite at Tangi Saidan on the Bala Maidan river (the upper Kabul river) is 
hardly yet accessible by motor transport, although it is only 16 Km. from Kabul city. 
To provide access to this site, a road 10 Km. in length will be required. 

The eastern part of the Kabul basin has a first-class highway linking Kabul, 
through Jalalabad, with Peshawar in Pakistan. Access to western Afghanistan is 
either by the circular highway, or by the road through the mountains via Hazarajat, 
to Herat, but this crosses very hi^ passes and is tortuous, steep and rou^; it is 
impassable in winter. (See Chapter 3, Section 8) 

Most of the villages in the valleys of the Kabul river and its tributaries are 
connected with these highways by dirt roads, not everywhere motorable, which, 
especially on the mountain stretches, abound in steep rises, narrow tracks, and ill- 
designed and defective bridges. The construction of any hydraulic structures on the 
Kabul or its tributaries will undoubtedly involve the provision of access roads. 

Motor transport carries the main types of building materials and equipment, 
consumer goods and other freights. 6ofo of it is owned by joint stock companies, 
and 40?o by the state. A growing fleet of buses provides passenger transport within 
the province, as well as between provinces; over 2/3rd of all the motor fleet of 
Afghanistan is concentrated in Kabul and other towns of the Kabul province, althou^ 
a considerable part of the internal traffic is still handled by pack animals. 

In Kabul there are storage tanks capable of holding over 2,000 cu.m. of petrol, 
and a number of filling stations belonging to the Department of State Monopolies. 

Kabul has a first-class international airport, served by many international 
airlines. The Ariana Airlines operate domestic flights between Kabul and Kandahar, 
Herat, Maimana, Maza-i-Sherif , Kunduz and Jalalabad. 

Kabul is linked by telegraph and telephone land lines with all the provincial 
capitals, and has telephone communications with many district centres in the Province. 
There are also radio-telephone links with the provincial capitals, as well as radio- 
telegraph communication within the country and to foreign countries. 
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CHAPTER 20 SOILS AND PRESENT lAKD USE 

1. General Informatlon > Vol, IV - Soils - provides detailed descriptions of the 
main types of soils found in the Kabul basin based on chemical analyses of individual 
profiles as well as classifications of capability for irrigation and present land use. 
Here only a summary of the main features is given. 

The soil siirveys were limited to the valleys of the middle and lower Logar, the 
lower Ghorband, the middle Panjshir and the lower Bala-Maidan rivers. These lands are 
located in the central pauct of the Kabul province at altitudes of l600 to 2000 m 
above sea level; they include the main agricultural areas, on ancient cultivated 
lands, lying in both narrow and wider valleys, filled with ancient glacier deposits 
or tertiary conglomerates of varying thicknesses. Over these lie recent deposits 
of river alluvia or piedmont-talus materials. All this mass of conglomerates, 
shingles and sand-clay deposits is in part covered with loess-like surface soils, 
largely in patches. 

The surveyed area is surrounded by mountains formed of metatmorphic rock. 
Except the relatively wide Charikar and Kabul depressions, all the valleys are 
in general narrow and elongated. 

2. General Description of Soils . The surveyed soils of the Kabul valley and 
its tribut8u?ies vary considerably. A brief description is given below of the 
soils of each valley separately. 

a) Ghorband, Pan j shir and Shakar Dara valleys . The soils of these valleys 
have four well-pronounced features. 

1) Mountain soils, grey-brown to brown » are of a medium textxire, with a lime 
horizon. These soils are located on the upper terraces and, as a rule, 
are less intensively irrigated; their texture grows heavier with depth 
changing from sandy loam to losun. 

The soil cover is rather thick and extends to a depth of 1.5 to 2 m 
or even more. 

The terrain here is slightly undulating, and is sometimes eroded by 
gullies. 

No salt formations are observed. The soils drain well vertically and 
horizontally. Some of these lands are irrigated and sown with wheat, 
but the major portion of them is unused because of lack of water. 

2) River terraces - have a light texture, and contain no lime. These 
soils occupy the middle-level and lower river terraces, and are 
the most intensively irrigated and cultivated: none are left under 
fallow. 

The soil is from O.5O to 1.0 m thick, and mixed in all horizons with 
well-rounded pebbles, the quantities of which decrease with depth. 
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ThB terrain is relatively flat and slightly undulating. ThB drainage is 
good. 

3) Piedmont soils have a light texture, and contain little or no like. 
They usually occupy the upper parts of the surveyed valleys and adjoin 
the axeas of talus materials or the outwash erosion fans. Ihese soils 
usually occur in the narrow parts of the valleys, and also cover higgler 
portions of the mountain slopes. They are terraced, and the majority 
of them are very intensively cultivated. 

In their terrain, these lands are undulating and eroded. They drain 
well. Where there is water, intensive irrigation exists, these areas 
heing, as a rule, taken up for orchards and vineyards. 

4) Stony soils, talus and debris are usually located on mountain slopes, 
highly eroded by mountain strestms and practically devoid of any soil. 
Scattered piedmont patches with thin limy soils, whenever they occur, are 
intensively used for orchards and vineyards and irrigated by the mountain 
streams. These soils have sandy losuny to loamy textures. 

b) Logar Valley ♦ The soils surveyed in the Logar valley are mostly alluvially 
deposited, contain lime and have comparatively high pH values. They are of 
three well-pronoxmced types: - 

1) Upper brown soils of medium texture have a uniform profile with 
moderately li^t loamy top layer underlain with sandy loamy sub-soil to 
a depth of 1.5 A compact layer of thick loam usually occurs under- 
neath. 

fDiese soils usually adjoin eroded gravelly valleys and rocky mountain 
spurs. 

Much of the area covered by soils of this type is rather even in terrain, 
but parts axe subject to heavy erosion, due to their steep slopes. Both 
vertical and horizontal drainage is good. Tlie soils are used for 
agriculture, but only in part, since water is not sufficient to irrigate 
the whole area. 

2) Qrey-Brown alluvial soils of medium texture, loamy with a thick irriga- 
tion horizon, are situated on the middle-level terraces, and, as a rule, 
axe under intensive cultivation, with wheat grown as the main crop. 

The drainage conditions of these soils are satisfactory. 

3) Grey Hydromorphic soils are situated on the lower river terraces. They 
do not have good sub-soil drainage, and this restilts in higji groundwater 
levels, up to depths from 0.3 to I.3 m. lliese lands have a slightly 
undulating terrain. The soils of this type are intensively irrigated 
and cultivated. 
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Kabul Valley ^ The soils of the central Kabul valleys, around Kabul city, 
fall into five well-pronoxinced types, briefly described as follows; - 

1) Grey-brown medium-textured lime soils occupy considerable parts of the 
hi^er axeas. Parts of these lands are intensively irrigated, and wheat 
and barley are the main crops grown. 

The major part of these lands, approximately 40,000 hectaxes, lie north 
of the Kabul airport, and at present have no water for irrigated agri- 
culture. Some of these lands are hilly and eroded. 

The texture of these soils varies from loamy to sandy loam, ^e 
structure is lumpy. 

2) Limey soils of the river terraces of light textxire are intensively 
cultivated and irrigated. The texture ranges from sandy loam to loam. 
Gravels occur in the lower horizons. Q^iese soils are generally not 
thick, and contain lime. 

3) Limey piedmont soils of light texture from sandy loam to sandy are 
observed at the foot of the mountains or on out-wash flats. 

Along the hill slopes in the Pa^man area the soils are too thin and 
include rocky stony outcrops . Cultivated lands occur in patches. 
The soils contain lime. 

4) Grey-Brown Hydromorphic Soils of medium texture from loam to sandy loam. 
These lands as a whole are intensively cultivated and irrigated. There 
are, however, large areas partly waterlogged, with groundwater levels 
stand at 30 to 100 cm from the surface, for which reason they have been 
abandoned. 

5) Brown soi ls, of medixim texture in the mountain parts of the valley 
occur in "the south-western part of the surveyed area. The soils range 
from fine landy loam to loaun. 

3, Land Resources , Table 54 shows the land resources in the basin of the Kabul 
river and its tributsuries, in accordance with the classification given in Chapter 4 9 
para 3» 

TABLE 54 

KABUL BASIN - LAND BSSOURCES OP THE PART SURVEYED 



f 

• 


Total ! 




Classes of 


lands - 


hectares 




Name of ! 
area ! 


area ! 
surveyed ! 
hectares ! 


t 

* 

II ! 
f 

« 


III ! 


IV 


! ! 

! V ! 

f 1 
* • 


VI 


Kabul area 104300 
Logar valley 36OOO 
Ghorband, Panjshir 
and Shakar Dara 98OOO 
valleys 


6240 
19400 

27300 


54460 
16600 

48400 


26900 


11650 


5050 
22300 


Total 


238300 


52940 


1194 60 


26900 


11650 


27350 
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5« Land Use in Existing Conditions , The river valleys are mostly narrow, from 50 m. 
to 1000 wide, and lie at elevations of from l600 to 2000 m. among mountains of varying 
heists. However, such valleys as Kuh-i-Stan and Kuh-i-Daman are wide and reach 15 km. 
across. These valleys are intensively cultivated and, therefore, are amongst the most 
densely populated areas in the country. 

Table 55 gives a summary of the present use of the lands surveyed. 



TABLE 55 
KABOL BASIN - PRESENT LAND USE 



Gross Areas - HectsLres 





Description 


Logar 
Valley 


Pan j shir - Oh or band 
and Sbakar Dara 
Valleys 


Kabul 
Area 


Totals 


1. 


Lands intensively irrigated 


15,500 


38,400 


44,350 


98,250 


2. 


Lands intermittently irriga- 










ted 


20,500 


36,300 


46,550 


103,350 


3. 


Lands of low value, used as 












pastures 






8,350 


8,350 


4. 


Gravelly lands unsuitable 










for irrigation 




23,300 


5,050 


28,350 






36,000 


98,000 


104,300 


238,300 



Apart from these surveyed areas numerous small plots are cultivated in the talus 
areas of minor streams. 

The whole basin is one of the most ancient intensively irrigated and cultivated 
parts of Afghanistan. Much of the cultivated land belongs to large landowners who 
do not work the land themselves, but rent it in small plots to peasants, on a share- 
croppitog basis. According to official taxation figures, the bulk of the peasantry 
have on the average little more than one hectare of land per family. Peasants form 
about 85':^^ of the total number of landowners, but own only about 257^ of the privately 
cultivated lands. Such peasant ownership or operation of land in small scattered 
plots, and the poverty of the bulk of the peasantry, preclude the use of tractors 
and other modern agricultural machinery. Almost all the field work is done by draft 
animals or by hand. 

Where water is sufficient, the lands are intensively used, but where it is in 
short supply, the peasants are forced to practise the crop-fallow system of rotation. 
The irrigated plots, as a rule, are very small, only rarely as large as 0.8-1,0 
hectare, but very well levelled. In most cases, they are watered by flooding; furrow 
irrigation is very rare. 

The field crops grown include wheat, barley, millet, maize, pulses, oil plants, 
alfalfa, Persian clover, hemp, tobacco and melons, with orchards of cherries, almonds, 
aprtxjots, apples, pears, plums, grapes and mulberries. Vegetable crops are usually 
grown near the villages, in plots fenced off by mud walls, thou^ sometimes in the 
fields, in rotation with main crops. The vegetables too are very varied, including 
egg plants, turnips, radishes, onions, garlic, carrots, spinach and cucumbers, as well 
as herbs and medicinal plants. Altogether, over 100 varieties of plants are cultivated 
in the Kabul basin. 
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There are no strictly established systems of crop rotation, the peasants follow- 
ing riiles based on age-long experience. In the intensively cultivated parts of the 
area, wheat, barley, alfalfa and Persian clover are sown in the autumn; peas, lobia, 
chick peas, rice, cotton, melons, hemp, com, pumpkin, tobacco, vegetables- in the 
spring or early summer; sowing still continues into Jun^. Rice is sown not later 
than May. Alfalfa is a perennial crop grown for several jeaxe at a time. 

On the irrigated lands the main crops are wheat, rice, maize, and pulses. 
Alfalfa, Persian clover, barley, cotton, melons occupy about une third of the 
cropped area. 

Artificial fertilizers are hardly used on the peasants* fields, but earth and 
organic manures are applied on a fairly large scale to the intensively cultivated 
lands. Earth manure, mixed with d\ing, is applied before plou^ing in quantities 
of 40-50 m3 per hectare, thus gradually increasing the thickness of the top soil. 

Control of pests and diseases of field crops, fruit trees and bushes is carried 
out, but very ineffectively, as the materials and equipment necessary for this 
pxirpose, are very limited and concentrated on a few state agrotechnical stations 
of the Ministry of Agriculture, which cannot yet carry out activities of this 
kind on a large scale. 

Irrigation is mainly done by using the natural regime of the surface flows of 
the Kabul river and its tributaries; only an insignificant part of the lands in 
the wider valleys are irrigated throu^ *'Karezes'*. 

The lands in the upper reaches of the surveyed rivers were not studied, but all 
the available areas there are intensively cultivated. 

r 

The 172,400 hectares of Class II and III lands are fit for irrigated agriculture. 
Of this, only 98,200 hectares are now supplied with water and intensively cultivated 
each year; the other 74>150 hectares of irrigable lands cannot be fully used for 
farming purposes due to the present lack of water. Out of these lands, about 50^ 
are annually used for dry farming crops, watered, at most, during the winter and 
early spring. While spending much effort on these lands, the peasant obtains very 
low harvests from them. These figures show the extent to which suitable lands 
are available for development, but are now not fully used because of lack of water. 
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CHAFPER 21 -> HYDROLOGY 

1» Initial Data , Regular hydrologioal observations and measurements in the Kabul 
basin were started in 1959 by the German hydrologioal group working xinder the 
Ministry of Mines and Industries of Afghanistan. This Group set up in the Kabul 
basin 16 gauging stations, of which 15 were equipped with water level reoorderst 
5 on the Kabul river, 2 on the Logar river, and the remaining 9 on the Ghorband, 
Pan j shir, Kunar and Pa^an rivers. A further gauging station was set up on the 
Logar river, near the proposed storage damsite at Kajao, by the hydrologists of 
the Project. Several hydrologioal surveys have been carried out in the Kabul basin 
by special missions. In 1957) a Soviet mission conducted extensive investigations 
on the Kabul river at Na^lu, and on some of the tributaries. 

In appraising the Kabul water resources, the following initial data were used 
as the basis for the computation of various hydrologioal characteristics of the Kabiil 
rivers, particularly at the proposed storage damsites. 

a) Water discharges in the yeaurs I96O to I962 at the German-installed gauging 
stations; 

b) Daily water discharges of the Logar river at the Kajao gaiaging station 
for Msupoh-July I963. 

These data are appended to Volxime III - Hydrology. 

2. Regime of the Kabul river system . Like most of the rivers of Af^anistan, the 
Kabul river has a regime which is mainly determined by the climatic peculiarities 
and the terrain of its basin. 

The watersheds of the tributaries from the right-bank of the Kabxil river are 
considerably lower than those of the left-bank tributaries. This considerably 
influences the distribution and amounts of precipitation. In the alpine zones 
of the Hindu Kush, on the left-bank, precipitations are twice to three times those 
occurring on the slopes of the mountain ridges which confine the basin to the 
south and west. In the part of the basin, on the right bank much of the precipitation 
falls as rain; in its left-bank part in the shape of* snow. This peculiarity is 
reflected in the form, height and timing of the flood wave. 

In respect of its water regime, the Kabul river system, within Afghanistan, can be 
divided into three reaches: l) From the headwaters down to the confluence with the 
Panjshirj 2) Prom the mouth of the Panjshir down to the confluence with the Kunar 
river 5 3) From the mouth of the Kuneu^ down to the border of Pakistan. 

Pirst Reach . The water flows here are small as compared with those in 
the others. Here the main contribution to run-off comes from rain. 
As a rule, the flood here starts in March and ends in a low yeax in May, 
and in a hi^ year in June-July. 

Usually, the maximum discharges occur in April, and they vary quite a lot 
from yeax to year. Thus, for example, in I96O which was a hifi^ti year, 
the maximiM discharge at Tangi-Gharu was 175 mV^ec, whereas in I962, 
a low year, it was a mere 35 m3/8ec. 
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In the summer low water period^ almost all the water is taken up for 
irrigation* At the Tangi-Qharu station in August-September the disohwges 
do not exoeed 1C)0->2C)0 l/seo. 

(ii) Second Reach > The regime here is quite different from that in the first 
reach* Two major tributaries, the Panjshir and the Alishang, contribute 
much water to the river; snownnelt waters play the main part in their 
runoffs* Here, therefore, the flood period is more prolonged; it lasts 
4 to ^if months at the Na^lu and Dsunmta gauging stations. 

Ttie meudmum mean monthly runoff in this stretch is observed usually in 
June and, less often, in April-May* At Darunta, the msLcimiM water dis- 
charge observed over a 3--year period, reached in the compa^ratively hi^ 
year of 1960ywas I56O m^/sec, that is, nine times more than in the first 
reach at Tangi-GQiaru, only 70 km upstrecun* The maximum discharge 

here at the same station in the low year of I962 was $00 m^/aeoj which was 
23 times more than that at Tangi Gharu* 

Thou£^ within this reach also much water is taken off for irrigation, the 
minimum water discharges observed at Barunta have not been less than 
35-40 m3/seo* 

(iii) Third Reach * This carries considerably more water than the second, as it is 
also fed by the Kunar tributary, which has more water than any other. 
In the run-off of the Kunar, the largest contributions come from the snow- 
melt waters of the current year, plus those derived from the Hindu Kush 
glaciers; the duration of the Kabul flood below the Kunar confluence 
extends up to 7-~8 months* 

The maximum water discharges occur, as a rule, in July, and the minimum 
discharges in February* The maximum discharges here are almost twice 
those in the second stretch. In I96O, below the Kunar river, the maximum 
discharge was 3,000 m^sec, i^ereas at Darunta it was I56O m3/sec. 

3. Normal Annual Runoff * The method used in calculating the normal annual runoffs 
for different dam sites on the Kabul rivers is given in Volume III - Hydrology; this 
Chapter gives only a summary of the resulting figures. Average annual runoffs are 
given in Table 56 belowi- 

TABLE 56 

KAHJL BASIN - AVERAGE ANNUAL RUNOFFS AT VARIOUS SITES 



Place 


! ! 
! Name of River ! 
! ! 


Normal Annual ! 
Dischar^ 1 
(m-^/sec.T ! 


Normal Annual 
Runoff 
(km3) 


1* Tangi Saidan 


Kabul 


6*0 


0*19 


2 .Tangi G&aru 


Kab\il 


22*6 


0.71 


3.Na^l 


Kabul 


142*0 


4.47 


4.Kajao 


Logar 


10.5 


0*33 


3*Nawishta 


Logar 


18*2 


0*57 


6 . Pul-i-Ashawa 


Oiorband 


27.0 


0*85 


7 . Gulbahar 


Pan j shir 


62*5 


1.97 
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4. Fluctuations of Anmal Runoff . The hydxologists determined the parameters of 
the protahility curve, with the help of which values were estimated for annual 
runoffs of various probabilities. These are given in Table 57. 

TABLE. 57 

KA.BPL BASIN - ESTIMATED MEAN AMUAL DISCHARGES OF VAHIOPS PBOBABILITIES * 

J + _ Estimate d Mean Annual Water Discharges (m-^/seo) at fo Probability 
1 » 3 ! 5 L_ 1 0 ! 20 ! 50 ! 75 ! 95 ! 97 ! 99 

4.0 2.4 2.0 1.6 

15.2 9.1 7.7 5.9 
104 64.0 55.4 43.1 

7.4 4.7 4.1 3.2 

12.2 7.3 6.2 4.8 

19.2 12.2 10.5 8.4 

47.0 31.8 28.0 23.1 



Tangi Saidan 


14.0 


12.0 


11.0 


9.6 


8.1 


5.6 


Tangi-Gharu 


50.5 


45.2 


41.6 


36.2 


30.3 


21.1 


Naghlu 


307 


266 


247 


218 


186 


140 


Kajao 


22.6 


19.6 


18.3 


16.2 


13.8 


10.0 


Nawishta 


42.5 


36.4 


33.5 


29.1 


24.5 


17.0 


Pul-i-Ashawa 


57.2 


50.5 


47.0 


41.5 


35.3 


25.6 


Gulbahar 


124 


109 


102 


92.0 


80.0 


60.0 



5* Run-off distribution within the .year> Not only is the run-off unevenly 
distributed within the year, the greater part coming during the flood period, but 
the distributions in the upper and lower reaches are fstr from similar. In the 
upper reaches the flood lasts 2-4 months, while on the lower Kabul it may last 6-7 
months or, below the confluence of the Kunar river, even longer. 



TABLE 58 

KABUL BASIN - MONTHLY DISTRimTIONS OF ANNUAL FLOWS 



1 Runoff Distribution in 70 within the Year ! Total I Yearly 

Type of Year !!!!!! ! ! I ! 1 i ! I 

! Jan. IFeb. !Mar. lApr. !May ! June! Jul. lAug. !Sep, !Oct> !Nov. !Dec! % !m3/sec 

Kabul river at Tangi Saidan 

Mean Year 10.1 9.0 10.1 24. 0 15.O 3.2 1.8 I.5 3.0 5.I 8.5 8.7 100 6.0 

Low 1962 year 10.0 7.9 8.3 25.2 13.0 4.3 3.2 3.2 3.7 4.5 7.6 9.I 100 3.8 

Logar river at K adjao site 

Mean Year 10.1 9.0 10.1 24. 0 15.O 3.2 1.8 I.5 3.0 5.I 8.5 8.7 100 10. 5 

Low 1962 year 11.1 9.8 11.1 18.7 10.1 3.2 2.8 4.I 7.1 9.5 9.5 9.7 100 6.4 

Ghorband river at Pul-i-Ashawa 

Mean Year 3.9 4.0 5.8 11.7 19.0 21.6 11.8 5.2 4.2 3.8 4.7 4.3 100 27.0 

High i960 year 1.6 3.4 7.5 11.2 20.6 22.3 14.8 5.8 3.5 2.7 3.5 3.1 100 38.7 

Low 1962 year 5.I 5.0 5.6 11.8 16. 1 19.4 9.5 4.9 5.6 5.4 6.0 5.6 100 20. 9 

Panjshir river at Qulbahar site 

Mean Year 1.3 1.2 I.5 3.7 11.8 35.6 25.9 8.5 4.I 2.6 2.2 1.6 100 62.5 

High i960 year 1.0 1.0 I.7 3.9 11.8 31.6 30.8 9.6 3.5 2.1 1.7 1.3 100 80. 6 

Low 1962 year 1.4 1.3 1.4 3.9 9.3 38.3 24.6 7.8 4.7 3.0 2.5 1.8 100 51.7 
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It is notable that for all the gauging stations on the Kabul river and its 
tributaries, in years that differ in their total runoff, the percentage distributions 
within the year vary also. For instance, in a low year, the percentage of the 
annual runoff increases in the low water autumn-winter period and decreases in the 
flood period. In a high year, the converse occurs. 

6. Maximum Bis charge s « Estimates were made of the maximum water discharges at 
various probabilities, without and with margins for exceptional conditions. 
Table 59 gives the figures, including those sites which are proposed for the construc- 
tion of reservoirs. 

TABLE 59 

KABUL BASIN - ESTIMATED MAXIMUM RIVER DISCHARGES OF VARIOUS PROBABILITIES (m3/sec ) 



Name of site 



and river 



Discharge! 
Regime ! 



Maximum Discharges (m3/sec) at % Probability 



0.1?^ 



19^ 



3/o 



T 



55^ 



Tangi Saidan, Normal 

on Kabul river Exceptional 



Kajao, on 
Logar river 



Normal 
Exceptional 



Pul-i-Ashawa, 

on Gthorband Normal 

river Exceptional 



Oulbahar, 
on Pan j shir 



Normal 
Exceptional 



215 
260 



325 
390 



465 
560 

1630 
I960 



140 
170 



210 
250 



350 
420 

1260 
1510 



XIO 



95 



160 



140 



295 



1060 



265 



970 



! 10^ 



75 



110 



225 



840 



Note: 1) Because of the short series of observations of maximum discharges, 
a margin of safety for exceptional conditions for the maximum 
discharges was taken at 20^ above the normal figure. 



7. Minimum Discharges , 



TABLE 60 



KABUL BASIN - ESTIMATED MIMIMUM RIVER DISCHARGES OP VARIOUS PROBABILITIES 



! Mean Monthly Mlnimtun Water Disoharges (mi/sec) at Probability 



Name of Site j 1^ ; 3 ^ . 5^ I Iq^ ; 20% ! 50^° ! 75% 1 95% \ 91^ 



9^ 



Tangi Saidan 


4.7 


4.0 


3.7 


3.2 


2.7 


1.9 


1.3 


0.8 


0.68 


0.52 


Hajao 


6.0 


5.2 


4.9 


4.4 


3.8 


2.9 


2.2 


1.5 


1.35 


1.10 


Pul-i-Ashawa 


24.0 


21.0 


19.6 


17.6 


15.4 


11.5 


9.0 


6.1 


5.4 


4.5 


Oulbahar 


22.8 


20.5 


19.3 


17.5 


15.5 


12.2 


9-7 


7.0 


6.5 


5.4 



On the Kabul river and its tributaries the minimum runoffs observed are much 
affected by the large abstractions of water for irrigation, and therefore Table 60 
does not exactly reflect the actual runoff values. However, these data can be used 
for purposes of preliminary appraisal. 
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8« Sediment Disoharge « In the Kabul basin, oatohment slopes are steep, vegetation 
cover is scanty, and there is much debris. When surface run-off occurs, these factors 
contribute to an intensive erosion of minor soil particles from the slopes. As a 
result, during the flood high silt loads occiar on the rivers, sometimes reaching 
several kilogrammes per m3 of irater* There is, however, little or no sediment 
discharge during the low water period. 

Prom the data of silt charges and normal annual runoffs given in Volume III, 
calculations have been made of the normal annual silt discharges in the Kabul and 
its tributaries. 

TABLE 61 

KABUL BASIN - SSnEMBNT DISCHARGES AT VABIOUS SITES 



Place 



• 

Suspended ! 

silt ! 
mill .tons ! 



Total 
Annual Sediment 
discharge 



! Sediment 

Basin ! discharge 

area ! per km^ of 

! catchment 







1 mill. tons 


mill, 




! (tons) 




Tangl Sal dan 


0.48 


0.53 


0.41 


1900 


280 


0.22 


Kajao 


0.83 


0.91 


0.70 


4720 


190 


0.21 


Pal-l-Ashaira 


1.70 


1.87 


1.44 


4440 


420 


0.17 


Qulbahar 


3.94 


4.23 


3.26 


5610 


750 


0.17 


Na^lu 


11.20 


12.30 


9.50 


30010 


410 


0.21 



Ratio of 
sediment 
to liquid 
runoff {%) 



Note: In determining the figures of sediment discharge, the bed load 
is taken at 10?S of the suspended load. 

To give an idea of the composition sediment texture. Table 62 gives data for 
the Na^lu station on the Kabul river. 

TABLE 62 

KABUL RIVER - PERCENTAGE COMPOSITION OP SEHIMENTS 

Dimensions of particles in millimetres 



1*0 



! 1.0-0.25 ! 0.25-^.1 ! 0.1-0.05 ! 0.05-0.01 ! 0.01-0.005! 0.005 



O.09S 21.29& 13M iQ.yfo 14.356 18.2/0 12. 29^ 



It is neoesscu^y to point out that the data on sediment discharge and the 
composition of the sediments are approximate, and must be subject to further 
investigation by systematic studies at each' gaiiging station for a nxamber of yesurs. 
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CBAPTER 22 - MMS AND fiESERVOIRS 



1« Gfeneral Information ^ In the Kabul "basin seven potential sites for dams were 
foiind, and studied in various degrees. One of these vas on the Pan j shir, four werw 
on the Ghorband, one on the Logar and one on the Bala Mai dan (the Upper Kaliul river). 

In accordance with the preliminary scheme of irrigation development for the 
Kabul basin, discussed in Chapter 23, additional irrigation of lands from the Logar 
and Kabul (Bala Maidan) rivers is planned with regulation of their run-off s, 
whereas water from the Ghorband and Pan j shir river will be drawn from their 
uncontrolled flows. It should be emphasized that this is a preliminary conclusion 
at the present stage of the project, and is subject to review after detailed topo- 
maps for the irrigable areas become available. 

Accordingly, only two reservoirs are at present contemplated for the Kabul 
basint at Tangi Saidan on the Bala Maidan, and at Kajao on the Logar river. (See map 
No. 14) 

The geological description of these daunsites is given in Volume II, and their 
use for water control is discussed in Volume V. 

Some main features of the suggested reservoirs are given in Table 63. 

TABLE 63 

KABUL BASIN - MAIN FEATURES OF TANGI SAIDAN AND KAJAO RESERVOIRS 









IFull cap-! 


Mean run! 


Distance! Net 


! Water 


Name of 


! Name of 


! MaximiM ! acity of ! 


off at ! 


from 


! Available 


I Control 


Reservoir 


! River 


! head 


! reservoir 1 


damsite ! 


Kabul 


! storage 


ICoeffic- 






! (m) 


!at maxim-! 


(mill.m3)! 


(km) 


! (mill.cu. 


lient 








!\im head ! 






! m ) 


!(7:5) 








! (mill.cu. ! 






! 






! 


! m ) ! 


! 




f 

• 




1 


2 


3 


4 


5 


6 


7 


8 


Tangi Saidan 


Kabul 


64 


110 


189 


18 


69 


0.36 


Kajao 


Logar 


101 


360 


315 


137 


290 


0.92 



When choosing the dam types, in each case account was taken of the geological 
conditions of the site, and of the availability of local building materials, and 
the minim\am possible use of cement, timber and metal. 



Proceeding from these considerations, the types of dam adopted and worked 
out were (a) a rookfill dam with a reinforced concrete facing for the Tangi-Saidan 
site, and (b) a concrete gravity dam for the Kajao site. 

2. Water Control and Water Balance Calculations , The preliminary scheme of irriga- 
tion development for the valleys of the Kabul and Logar, described in Chapter 23, 
calls for the increase of the present irrigated area of 27,500 hectares up to 43,500 
hect€u?es. 

As already shown in Chapter 21, almost 50?-^ of the annual flow of the two rivers 
comes down in the three months March to May, whereas the irrigation requirement during 
the same time comes to little more than 2lfo of the same total. 
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In these oiroumstanoes, the further development of irrigated agrioiiltiire in these 
valleys is possible only if most of the spring flood run~of fs are controlled. 

Computations of the regulation of the upper Kabul river by Tangi Saidan reservoir 9 
to irrigate 10,3^ hectares^ and of the Logar river by Kajao reservoir to irrigate 
33 > 000 hectares, have been made for monthly periods in yeaxa of 503^> and 

20yo probability. Pall particulars of these are given in Vol. V. They lead to 
the following conclusions:- 

(i) In a low year of 75^ probability, the net available capacity in Tangi Saidan 
reservoir will be fully used in providing merely seasonal storage, 
(ii) The muoh larger net capacity in Kajao reservoir will suffice not only 
for seasonal storage, but also to provide overyear storage. In a hi^ 
year of 20^ probability, it will be filled to its maximum, after being 
lowered to its minimum in previous low years, 
(iii) Surplus water in excess of irrigation requirements will have to be spilt 
from Tangi Saidan reservoir in almost all years, and from Kajao reservoir 
in hifi^i years. The run-off controlled by the reservoirs, I89 mill, m^ 
at Tangi Saidan and 313 mill m3 at Kajao, will be about 70^ of the average 
run-off of the Kabul river at Tangi Gharu (713 mill.m3), below the confluence 
of the Bala Maidan and the Logar. To make a better use of the water resources 
and to develop further the irrigated area in the upper Kabul basin, more 
storage capacity is wanted. At the next stage of investigation, the 
possibilities of other reservoir sites should be examined, on the Logar 
river downstream of Kajao, and the Bala Maidan upstream of Tangi Saidan. 

It should be noted that the runoff control calculations for the Logar river were 
made for Kajao, whereas the water balance estimates for the Logax irrigation scheme 
were made for the Nawishta gauging station below which there axe situated lands to 
be irrigated. Consequently, the water balance estimates take into account the 
local inflows from the catchment area situated between Kajao and Nawishta. 

3. Reservoir Works . 

a) Tangi Saidan Dam . Because of the existence of a saddle in the ridge forming 
the right hand side of the reservoir, it was established that the optim\M 
hei^t for the Tangi Saidan dam is about 32 m, corresponding to a gross 
capacity of 110 mill.m3« The mean annual sediment discharge at this point 
comes to O.4I mill, m^, or 4I mill. m3 for a hundred years. The net available 
storage of the reservoir will thus be equal to 69 mill. m^. 

The existence of a fault in the river bed is a main reason for adopting as the 
dam type a rockfill dam with a ferro-concrete facing. The works at Tangi Saidan 
will include the following: 

1) A rockfill dam with a reinforced concrete facing. For a better jxinction 
the facing with the river bed and banks, as well as to prevent infiltration 
under the deun, there is provision for a cut-off to a depth of 20 m, and 
below it a grouted zone to a depth of 30 m. 

2) A diversion tunnel with upstream and downstream cofferdams, to pass an 
estimated dischatrge of 95 m3/sec at 3?^ probability. 

3) An emergency spillway of trou^ type, leading to shaft joing the diversion 
tunnel. The estimated spillway discharge is taken equal to I70 m^/sec, 
which corresponds to a 1^ probability, in exceptional conditions. 

4) An outlet for irrigation water. As about 809^ of the prospective irrigable 
aureas are concentrated on the left bank, it appears preferable to have one 
intake on the left bank, and thence to take water to the ri^t bank throu^ 
a reinforced-conorete pipe placed on a berm of the downstresun slope. 
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5) A rookfill levee with a reinforced concrete facing, to close the 
saddle on the ri^t side of the reservoir. 

Details of these proposed works are shown on Drawing No. 23 attached 
By the construction of the Tangi Saidan reservoir, there will be 
flooded ahout 300 hectares of irrigated lands and up to 80 farmsteads. 

^) ^-ifito The geological conditions described in Chapter 27 of 

Volume II indicate that the river fault has shifted the quartzite so 
as to make a relatively small net width capable of acting as a found- 
ation to a concrete dam. There is uncertainty about the depth of the 
river gravels and the nature of the concealed river fault. It is 
probable that both a rookfill and a concrete gravity structure could 
be constructed in this gorge, but for the purpose of preliminary study 
only a concrete gravity dam is assumed. The design of the works 
includes the following items:- 

1) A concrete gravity dam, in the centre of which is formed the spillway. 
The maxim\9n construction height of the dam is IO4 m., and its length 
along the crest is about 300 m. The gross reservoir capacity is 360 
mill.m3, of which dead storage for siltation over 100 yesu^s requires 
70 mill.m3, leaving a net effective capacity of 290 mill.m3. 

2) An emergency spillway for a discharge of 25O m3/sec. {Vfo probability), 
consisting of two openings each 7 m. wide and 4*24 m. hi^ fitted 
with se^aent gates. 

3) A diversion tunnel to pass a dischfiurge of I4O m^/sec. at 5^ probab- 
ility, with 2 construction cofferdams of shingle and gravel, taken 
from the river bottom plain. 

4) An outlet for irrigation water, incorporated in the dam body, has 
two openings each 2 m. wide. Details of the works are shown on 
Drawing No. 26 attached. 

Hie area to be flooded by the reservoir will cover about ^00 hectares 
of irrigated land, 4OO houses and a 13 Km. stretch of a dirt motorable 
road. 

4. Quantities of Work and Costs Table 64 below gives the main quantities of work 
for the construction of the Tangi Saidan and Kajao dams and their estimated costs in 
US $. 

TABLE 64 

TANQI SAIDAN AND KAJAO DAMS - QUANTITIES AND COSTS OF WORKS 



Item ! Unit. I Price ! t Tan/aA Saidan ! Kajao 





! 




! 


(us $) 


! 1 Qty 


Cost 


! Qty 


Cost 




! 




! 




i 1 


(thos.S) 


! 


(thos.S) 


1. 


Excavation of 
earth 


thos. 


m3 

m"' 


0.30 


! 5.4 


1.6 


I 

! 30.5 

! 


9.2 


2. 


Excavation of 
rock 


N 


It 


0.50 


! 15.0 


7.5 


! 46.3 
I 


23.2 


3. 


Tunnelling 


It 


It 


1.50 


! 10.9 


16.4 


! 4.8 


7.2 


4. 


Formation of 
cofferdams 


If 


II 


0.44 


! 17.1 


7.5 


1 7.3 

• 


3.2 


5. 


Rookfill for dam 


If 


It 


3.00 


! 848.9 


2546.7 


! 




6. 


Formation of 
saddle levee 


11 


II 


0.50 


J 35.5 


17.8 


1 
1 




7. 


Concrete in dam 


II 


It 


30.00 






I 327.0 


9810.0 


8. 


Concrete lining 


It 


It 


55.00 


1 4.9 


269.5 


! 1.9 


104.5 



of tunnel 
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TABLE 64 (cont'd) 




concrete 
facing 

10 •Concrete 
cut-off 

11 .Grouting 

12#GateS| 
lifting 
geari^tc. 



1 3 
thos. m 


49.5 


! 7.9 


391 .0 






n n 

2 


33.0 


1 2,0 


66.0 






tho8. m 


20.0 


J 7.6 


15.2 ! 


7.7 


154.0 


tons. 


95.0 


! 65.0 


6.2 i 

1 


150.0 


14.2 



Totals 

13 •Smaller items not included above (159^) 



3482.2 
522.3 



10125.5 
1518.8 



Grstnd totals 



Tangi-Saidan 4004 . 5 



Kajao 11644*3 



3* Hydropower . It is npt proposed to use the Tangi-Saidan and Kajao dams for the 
production of power, which would not be profitable for the following reason:- 

(i) Because the purpose of the reservoirs is irrigation, their regimes of filling 
and emptying must be suited to the schedule of irrigation water requirements. 
Accordingly, no water will be released downstream the dams for this purpose 
during the months of January to March, and during the months of November and 
December only very small flows of water will be released at Tangi-Saidan^ 
amd none at Kajao. 

(ii) Thus power stations at these dams would be unproductive during the period of 
heavy electrical load in the autumn and winter. In summer, it is to be 
noted, there will be surplus power capacity from the new station now being 
built at Kaghlu. 

6» Specific Indices of Reservoirs. On the preliminary designs and estimates, the 
specific costs of the two reservoirs are as shown in Table 65. 



TABLE 65 

TANGI-SAIDAN AND KAJAO RESERVOIRS - SPECIFIC COSTS 





1 Total !0f which ! 


Net use-! 




! Specific 


[ Cost 


! Indices 


Reservoirs 


! area laddition-! 


ful cap-! 




! per 


iper 


!of cost 


! irrigableial area ! 


acity of! 


Cost 


! hectare 


i hectaxe 


!per m3 of 




! hectares !hec tares ! 


reservor! 
mill.m-i ! 


mill. 


! of total 


lof addi- 


!useful 




! ! ! 


S 


! area 


! tional 


! capacity 




! ! ! 






! t 


1 area 


! 1 




! I ! 






! 


i 1 


! 



Tangi-Saidan 10,500 5,200 69 4.OO 38I 769 0,06 

Kajao 33.000 10.800 290 11.64 352 1078 O.OA 
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These specifio Indices of cost are somewhat hi^, but there can lue little 
doubt as to the economic justification of the reservoir proposals. Hoveveri 
before final decisions are taken, this question should be further examined, 
after more detailed technical and economic investigations have been made* 
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GHAPTEl 23 f OTEMflAL DEVELOPME!NT OP IRRIGATION 



General Inf ormation> Soil surveys have established that in the upper Kabul 
basin, down to Sarobi, there are some 70,000 hectares of unused land suitable 
for irrigation development. Unused water resources could also be made available 
after reconstruction of the headworks and main canals of the existing irrigation 
systems, together with water control on some of the Kabul river tributaries. 

However, due to the lack of topographical maps of this part of the basin, it 
is impossible yet to provide a detailed scheme for the development of irrigation. 
This problem can be fully solved only when the Government of Af^anistan receives 
the topographical maps, at a scale of 1:50.000, which are now being prepared 
in the USA. 

In these circumstances, an outline scheme for irrigation development within the 
surveyed parts of the area has been prepared, based mainly on visual reconnaissance 
by hydraulic engineers, with some very scanty preliminary information about the 
elevations of the land and the sources of irrigation. This is discussed in Vol. VI. 

It was decided, for convenience, to prepare this scheme in two independent parts. 
The first part covers the resources of the Shakar Dara, Ghorband and Panjshir rivers, 
and is called "The Shakar Dara Valley Scheme". This provides for irrigation 
develoianent without the construction of any reservoirs. The second part combines 
the resources of the Bala Maidan (Upper Kabul) and Logar, and is called "The Kabul 
Valley Scheme". This scheme provides for irrigation development with water 
control of these rivers by the construction of two reservoirs, as discussed in 
Chapter 22. 

SBAKAR DARA VALLEY 

2« Scheme o f Irrigation Development . Of the total area of some 98,000 hectares 
of land covered by soil surveys in this region, lands in Classes II and III total 
75 > 700 hectares gross, or some 67,000 hectares net irrigable area, assxaming a land- 
use coefficient of 0.88. The areas under command from the different sources of water 
supply are estimated to be appi*oximately as follows:- 

Under Commanded primarily from Ghorband river 28,000 hectares. 

" " " Panj shir river 19,000 " 

" " *' " Shakardara river 18,000 " 

" " " Salang river 1,300 " 

" " " " "Karezes" and springs 1,000 " 

67,300 " 

Estimations of the natural flows of the Ghorband and Panj shir rivers in a year 
of 75/^ probability show that even without any water control by storage reservoirs, 
the flows would suffice for the irrigation of some 15,700 hectares from the Ghorband, 
and over 44,000 hectares from the Panjshir. (Similar estimations for the Shakardara 
and Salang rivers are not at present available.) Clearly on the Gftiorband there is 
more suitable land that can be irrigated, while on the Panjshir there is a surplus 
of water. 

After consideration of the circumstances the potential development forecast is as 
shown in Table 66. 
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TkBLE 66 

SBAKAMARA. VALLEY AREAS IRBIGABLB PROM DIPFERENT SOURCES 



Irrigation j Total Area! 



Soxirce 

f 

P 

Pan j shir river ' 
Ghorband " 
Shakar Dara " 
Salang " 
Springs and Karezes' 



includ ing 
'Area now intensively 
Irrigable J irrigated 
heo tares; 



34,700 
15,700 
10,300 
1,000 
1,300 



! 



hectares 



14,700 
6,900 

10,300 
1,000 
1,300 



Additional areas 
irrigable 
hectsures 



20,000 
8,800 



Totals 



63,000 



34,000 



28,000 



In the absence of oontotir maps of the region, and in view of the complex natiire 
of the terrain, it was only found possible to work out a preliminary scheme of 
irrigation development for the lands irrigable from the Panjshir and Gftiorband rivers, 
totalling 30,400 hectares as shown above* Development of the lands commanded from 
other sources, 12,600 hectares, is not proposed at present. 

The scheme for the development of the 50,400 hectares allows for the use of 
surplus water from the Pan j shir to irrigate lands on the Ghorband which cannot be 
supplied from that river. An outline of the scheme is as follows. Headworks of weir 
type are proposed on the Ghorband river 5 kiloms. upstream from the bridge on the 
Kabul-Salang road, and on the Pan j shir river at Gulbathar. Prom the Ghorband head- 
works a right bank main canal will carry up to 26 m3/sec, for the irrigation of 15,700 
hectares. Prom the headworks on the Panjshir river, there will be two main canals, 
on the right and left banks. The right-bank canal, with a capacity of 26 m3/sec, will 
irrigate 20,500 hectares. This canal will cross the Salang and Ghorband rivers by 
culvert syphons, at kilometres 10 and I5 of its length respectively. The left bank 
canal, with a capacity of I8 m3/sec, will irrigate 14,200 hectares. 

3, Cropping Plans and Irrigation Regimes . The cropping plans for the lands irrigated 
from the Ghorband and the Pan j shir are not the same. On the Ghorband, where water is 
limited, the proportions of crops which require much water are reduced; rice is 
excluded. 



The overall rates of water requirement for the two areas are estimated as follows:- 
a) Required for the irrigation of lands from the Ghorband river 



MAIN CROPS 

1. Wheat and barley 

2. Cotton 

3. Alfalfa 

4 •Vegetables and melons 
5. Orchards and vineyards 

6. Maize for corn 

7. Pulses 

Total 



33. 0?^ X 3,000 = 990 m3 
22.0?S X 8,000 = 1760 m3 
8.2% X 8,200 = 672 m3 
5.5^ X 7,400 = 407 m3 
23.0^ X 6,200 = 1426 m3 
5.59^ X 4,300 = 236 m3 
2,8;;^ X 4.600 = 139 m3 

100 % 5630 m3 



124 



SECOND CROPS 

8 •Maize for silage 

9 .Vegetables 

Total 



22.09^ X 
11.0^ X 

33.0^ 



3,800 



S5 836 m3 
= 418 mj 
1254 m3 



The average irrigation requirements (net) per hectare will thus come to 6884 m3 
and, with the efficiency factor of the irrigation system taken as 0,60, the average 
irrigation gross requirement at canal heads per hectare will be - 6884 ♦ O.6O s 
11,470 m3. 



b) Required for the irrigation of lands from the Panjshir river: 



MAIN CROPS 

1. Wheat and barley 

2. Cotton 

3. Alfalfa 

4 . Vegetables and melons 
5. Orchards and vineyards 

6 . Rice 

7 . Maize for silage 
8»Pulses 

Total 

SECOND CROPS 
9. Maize for silage 
10«Vege tables 

Total 



22. \J7o 

33. 0?^ 
8.29^ 
2.8?^ 

17.5/- 
11. 0?^ 

2.7/- 
2.8/0 



100 ^ 



X 3,000 
X 8,000 
X 8,200 
X 7,400 
X 6,300 
x20,000 
X 4,300 
- 4f600 



660 m3 
2640 m3 
672 m3 
207 m3 
IO65 m3 
2200 m3 
116 m3 
139 m3 
7699 m3 



16.55^ X 3,800 = 
5.5/0 X 3.800 g 



627 m3 
209 m 3 



22.0^ 



836 m3 



Hie average net water requirement per hectare will thus be 8535 m3, and the 

fross requirement at canal heads per hectare will be - 8535 ♦ 0.6 s 14,230 m3. 
See also Drawing No. 31 ) 

4. Total requirement of irrigation water . In accordance with the gross irrigation 
requirements per hectare, as given above, the provision of a combined water supply 
from the Ghorband river for an area of 15,700 hectaLres and from the Panjshir river 
for an area of 34,700 hectares was worked out. 

Table 67 shows the comparison of the runoffs of the Ghorband and Panjshir rivers 
in a year of 75!^ probability with the combined water requirements of irrigation from 
these rivers throu^out the year. 

TABLE 67 

GKQRBAND AND PANJSHIR RIVERS 
COMPARISON OP RUNOFFS AND REQUIREMENTS-YEAR OF 75^ PROBABILITr 

Amounts in Millions of m3 



! 



Rivers, I ! 

sites and I ! t;i 
irriga- , Ja*^- , Feb. ,Mar. 

tion areas! ! ! 



! 



T 



J Apr. t May Jjune 
i • • 



! 



! 



I 



T ! 1 

f f f 
July ; Aug. j Sep . J Oct 

I ! 



J J ' Total 

I Nov. I Dec.l^^^ly 



l. Caaorband 

Runoff at 23.6 24.2 35.2 70.9 115.0 131.0 71.4 30.9 25.5 23.0 28.5 26.2 6O5.4 

Pil-i- 

Ashawa 

Irrigation 

requirements - - - 9a 29.8 28.2 34.9 33.0 17.3 9.4 9.2 9.4 I8O.3 
(15,700 ha.) 
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TABLE 67 (cont'd) 



Rivars, ! ! ! ! I j j f j j [ 1 j 

sites and! Jan* iFebo IMar* I^r. IMay IJune !July lAug. !Sep, fOct. iHov. iDec* ITearly 

irrigatioi! ! I ! ! 1 ! f ! | i f t 

areas ! ! I ! I ! ! I ! | | \ \ 

Excesses 23*6 24.2 35*2 61.8 85o2 102a8 36*5 - 8o4 13o6 19.3 16.8 427*2 

Shortages - - ^^-^ -2a- - - -2.1 

Pamjsiiir 
Riinoff at 

Qulbahar 19*3 17.8 22.2 54*8 174.8 527-5 38l*4 126.5 60*8 38*6 32.6 23*7 I48O.O 

Irrigation 

Requirements 

(34.7 thos. - • . 13.6 92.5 93.9 100.8 98.4 39*2 21.8 22.2 12.2 496.6 
ha) 

Excesses I9.3 17.8 22.2 41.2 82.3 433.6 280.6 28.1 21.6 I6.8 IO.4 11.5 985.4 

Shortages - - - ^ - - -^ 



The slight shortage of water in the Ghorband river in August (about 79S of the 
monthly requirement) can be easily obviated by a shift of the watering dates. 



5. Quantities and Costs of Vforks. To estimate the quantities and costs of works, 
use was made of the specific indices derived in the design of irrigation in the Herat 
Valley, where the layout of a typical plot of land was worked out in detail. How- 
ever, since in the Shakar-Dara valley the provision of drainage is expected to be 
required on a smaller proportion of the area thatn in the Herat valley, the indices 
of excavation have been adjusted accordingly. The specific indices adopted are 
follows t 



1. Earthwork 

a) Excavation 

b) Banking 

2. Concreting 



189*0 m^ per net hectare 
30.6 m^ 



2.4 m^ 



It 
II 



It 
11 



It 
If 



The total quantities of the main work items for the reconstruction of the 
existing irrigation network and the construction of a new one over the area for 
development 50,400 hectares, will come to: 



1. Earthwork: 

a) Excavations 

b) Banking 

2. Concreting 



thos. 
thos. m^ 



9495 
1537 
120.6 thos. m-i 



rates: 



The irrigation costs are tentatively estimated on the basis of the following 



Excavation of I m^ 
Banking I m^ 
Concreting I 



I 
I 
I 



0.5 

1*0 

100 



The total cost of the construction of the irrigation system on an area of 
50.4 thos. ha will be as follows: 
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Excavations 

Banking 

Concreting 



9,4955000 X 0.5 - $ 4,748,000 
15537,000 X 1.0 - S 1,537,000 
120,600 X 100 $ 12.060.000 



Total 

Items not specified in detail 
and contingencies (50?^) 



$ 18,345,000 



$ 9.173,000 



Grand total 



$ 27,518,000 



The tentative cost of irrigation per hectare in the Shakar-Daxa valley will 
come to $ 546.0. This is a reasonable rate, which indicates that irrigation 
development will be advantageous. 



6. Scheme of Irrigation Develoixnent . Of the total area covered by soil sxirveys, 
some 140,300 hectares, some 96,700 hecteures are in Classes II & III, definitely 
suitable for irrigation. Of this total, 60,700 hectares are in the Kabul area, 
and 36,000 hectares along both banks of the Logar river. But the areas at present 
intensively irrigated, it is believed, do not exceed 12,000 hectares in the Kabul 
area, and 15,500 in the Logar Valley. The remainder can only be irrigated 
intermittently, because of the shortage of water. The main sources of supply are 
the Bala Maidan (Upper Kabul) & Logar rivers, together with small supplies from 
springs, "Karezes", intermittent wadis. 

All the flows of the Bala Maidan and Logar rivers in summer and autiunn, and 
part of the flows in winter, are intensively used for irrigation. In contrast, 
much of the peak flood flows in spring cannot be used. Complete utilization of 
the minoff of 1hese rivers is possible only if reservoirs are constructed. 

A preliminary estimate of the water and land balance of th^ Kabul and Logar 
rivers shows that, if controlled, the annual runoff of these rivers can irrigate 
an additional 16,000 hectares. A preliminary scheme of irrigation development in 
the Kabul valley was worked out on this basis. 

The irrigating capacity of the Logar river is considerably hi^er than that of 
the Bala Maidan. At the same time, more valuable lands, close to the city of Kabul, 
lie in the Kabul valley proper. Besides, there are available contotir maps on a 
1:50,000 scale for a part of this valley, whereas no such topographical information 
is available for the Logar valley. 

Accordingly, the scheme of irrigation develoixnent provides for supplying water 
to the additional lands in the Kabul valley proper, from the Logar river. Even at 
present, petrts of the Kabul valley lands are irrigated from the Logar river, and 
therefore, the supply of additional water will not be too complicated a proposition. 

The scheme of development covers a total gross area of 49,400 hectares, or a 
total net irrigable area of 43,500 hectares on a land use coefficient of 0.88. In 
what follows, figures of areas will be net irrigable areas. 

The sources of irrigation of the 43,500 hectares are proposed to be follows:- 



KABUL VALLEY 



(i) To be irrigated from the Kabul river 
(ii) To be irrigated from the Logar river 



10,500 hectares. 
33,000 hectues. 
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As regards location, the areas 8^:e distributed as followsj- 

(iii) In the Logar valley, only the 15,500 hectares now cultivated are to he 
irrigated, and no new lands axe added. 

(iv) In the Kahul valley proper, the scheme provides for the irrigation of 
28,000 ha., out of which the lands now irrigated are 12,000 ha. and the new lands 
are 16,000 ha. The supply of water from the Logar river to the lands in the Kabul 
valley proper will be effected by gravity, via a special canal. 

The irrigation development scheme for the Kabul valley provides for reconstruc- 
tion of the headworks and main supply canals for the existing area. In addition it is 
planned to construct a drainage system for an area of 14,000 ha. in order to lower 
the groundwater level and to reduce salinization of the lands. 

7« Cropping Plan and Irrigation Regime . The cropping plan adopted was the same 
as that used for the Qhorband river, as described in paragraph 3 above. As already 
mentioned, in working out the irrigation regime, use was made of that evolved for 
the Herat valley, but modified so far as possible, in accordance with the local 
conditions in the Kabul valley. A hydro-modulus graph was prepared accordingly 
(lltrg. No. 30) The net overall irrigation requirement per hectare, at the field includ- 
ing presowing waterings, and the irrigation of second crops, is 6884 m^/ha. Taking 
the efficiency factor of the irrigation system as 0,6, the gross irrigation require- 
ment per hectare at canal heads is 11,470 m^/ha,» 

8, Total Water Requirements for Irrigation . Table 68 shows the total water require- 
ments for irrigation of 33>000 ha# of lands from the Logar river and 10,500 ha. from 
the Bala Maidan, month by month throughout the year. 

TABLE 68 

KABOL AND LOGAR RIVERS MONTHLY WATER REQUIREMENTS FOR IRRIGATION 

Amoxmts in Millions of m^ 

Sources ! ! ! ! ! I ! ! ! ! ! ! ! 

and areas O'an. ! Feb.! Mar. I Apr. ! May I June ! July ! Aug. 1 Sep. ! Oct. ! Nov. I Dec. ! Year 

of ! ! ! ! I I I I ! I ! I ! 

irrigation t I I ! ! ! ! ! ! ! ! ! 

19.1 62.6 59.2 73.4 69.8 36.4 20.1 19.6 19*5 379*7 



6.1 19.9 18.8 23.4 22.3 11*6 6.4 6.2 6.2 120.9 



Logar river, 
irrigated - 
area 

33,000 ha. 

Bala Maidan, 
irrigated - 
area 

10,500 ha. 



Total - - - 25.2 82.5 78.0 96.8 92.1 48.0 26.5 25.8 25.7 500.6 



These figures take into acoo\int the second crop of maize after wheat on an area 
of 9,500 hectares, as well as vegetables on an area of 4*800 hectares. The water 
control by reservoirs necessary to meet these requirements and the design and costs 
of the works so involved, are discussed in Chapter 22. 
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Quantitie s and Costs of Worke^ The quantities of the main items of work have 
been determined on the basis of the specific indices adopted for the reorganization 
and development of irrigation in the Herat valley. These indices per hectare give 
the following figures i 



1* Earthwork 



a) Excavations 255 #0 

b) Banking 30*6 m-^ 
2« Concreting 2*4 m^ 

The total quantity of the main work items for the reconstruction of the existing 
irrigation system, and the construction of a new irrigation system, over 43,500 
hectares in the Kabul valley, will come to:- 



lo Ea rthwork 

Excavation 11,092,500 m^ 

. Banking 1, 331^100 m3 

Concreting 104,400 



JStSL 



The cost of irrigation construction has been tentatively based on the rates that 
were adopted in estimating the cost of work for the Herat and Farah valleys, that is: 
excavation of I m-^ of earth - $ Oo5f Banking (l m^) - $ I^OO, and concreting (I m^)- 
I 100.00. 

Therefore, the total cost of the irrigation system here on a total etrea of 
43f500 hectares will come to: 

Excavations $ 5,546,300 

Banking I 1, 331 i 100 

Concreting % 10.440,000 

Total I 17,317,400 

Smaller items not 
specified in detail, 
and contingencies 

(50^) S 8,658.600 

Orand total I 25,976,000 

Consequently, the tentative cost of the irrigation of one hectcuc^e of lands in 
the Kabul valley ( excluding resej^oirs) will be I 597.0. 

Including the construction costs of the Tangi Saidan and Kajao reservoirs, the 
specific expenditure for the irrigation of one hectare of lands in the Kabul valley 
will be: 

*597 +S360 - I 957, accordingly the total cost of the irrigation on 43.5 thos. 
ha will be: 

25,976,000 + 15,648,800 « I 41,624,800. 

The specific expenditure indices for the construction of an irrigation system 
and reservoirs in the Kabul valley are of course high as compared with that for the 
Shakar- Dara valley, where reservoirs are not proposed* However, these expenditure 
indices are close to those determined for the similar irrigation development schemes 
for the Herat and Farah valleys. 
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CEUlPTER 24 - CONCLUSIONS AISTD BECOMIENMaiOyS 



1. It has been shown that Class II and III lands in the Kabul basin form in all a 
oonsiderable area, of over 173)000 hectares, of whioh little more than ^0^ is 
annually irrigated. These soils have a good texture, adequate vertical and hori- 
zontal drainage, and are almost completely free from salinity. Their location 
near Kabul city, in the most densely populated areas of the coimtry, contributes to 
the significance of irrigation development here* 

2. Althou^ a iride variety of other crops is grown, irriga^ted agrictxlture here at 
present is concentrated mainly on the production of grain crops, which occupy up to 
70^ of the anniially sown areas, with the remaining 30^ under summer crops. 

3* %e irrigation development of all Class II and III lands, and the introduction 

of more valuable crops, including cotton, sugar-beet, and oilseeds, should be 

one of the most important tasks in planning irrigated agricultxxre in the Kabul basin 

in the near future. The implementation of this task becomes still more important 

by reason of the fact that the growing domestic textile and sugar refining industries 

will be located in this basin and will require raw materials for their development. 

The preliminary scheme proposes! To increase the intensively irrigated area 
in the Shakar Dara valley from 21,600 hectares to ^0,400 hectares without water 
control, and in the Kabul valley, from 27,3^0 hectares to 43,500 hectares on the 
basis of water control of the upper (Bala Maidan) and Logar rivers. However, this 
scheme of irrigation development should be considered as strictly tentative | it 
should be reviewed and elaborated after receipt in Af^^nistan of the contour maps 
which are at present being prepared in the USA, and upon the ftirther study of the 
irrigated lands in the existing conditions. 

4* In Voliime VI are given the results of preliminary economic estimations of the 
relationship between the value of the production to be expected, (a) on first 
development; (b) on ultimate operation -20^ higher, and the costs of achieving 
that production. It is there assumed, reasonably, that of the total value of 
production, 60fo trill be absorbed in meeting costs of operation, taxation etc, leaving 
40^ available, as profit, to be used for repayment. The capital costs estimated 
in Chapters 22 and 23 are net, and include no allowances for interest and aaortisation 
during the period of construction and development. If this period is taken as 3 
years, and interest at 10^ and amortisation at 2^ are allowed for, then it is estimated 
that the total gross costs will be 23^ more than the net figures. 

In Table 69, are shown figures of the resulting compuisons, and of the periods 
required for repayment, on the basis of both net capital costs and gross capital costs, 
for each of the three proposed areas of irrigation development in the Kabul basin. 
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TABLE 69 

KABUL BASiy - SPECIFIC COSTS, PROilTS AND PERIODS FOR BEPAYMENT 



^ ! Net profit per hectare Period after which capital 

! Investment I of irrigated area I cost can be repaid-years 

I per ! On first ! On ultimate I On first ! On ultimate 

! hectare ! development ! development ! development ! development 



I $ I i ! 8 ! ! 

1. Kabul Valley net 978 123 I65 8 6 

" " gross 1201 123 165 10 8 

2. Logar Valley net 95O 123 I65 8 6 

" " gross 1162 123 165 9 7 

3. Shakar Dara net 546 122 17O 4.5 3.2 
Valley gross 67O 122 17O 5.4 4.0 



(*) These profits, resulting from improved agricultural methods, 

mechanisation use of fertilisers, etc, will require considerable 
longer periods than the 3 years of construction. 

Compcupison of the figures of the periods after which the capital expenditure 
will be ret\irned indicate that development in Shakar Dara valley is economically 
preferable and therefore, this valley should be given first priority in the implementa- 
tion of the planned measures for irrigation development of the Kabul basin, 

5» Irrigation development on a major or minor scale will require, apart from the 
construction of reservoirs, construction of new irrigation systems and reconstruction 
of these existing, as well as the establishment of regulating works on the irrigation 
canals, so that effective control can be introduced over the distribution and use of 
water* 



6, At the same time, it is necessary immediately to introduce on a large scale all 
the new and advanced methods of agricultxire, that have been tested on the research- 
experimental agricultural stations in the country. Modern techniques of cultivation, 
proper crop rotation systems, and the use of mineral fertilizers should be given 
full attention in the cultivation prograunme of every farmer. 



7. To operate the hydraulic works, to regulate the water distribution, and to keep 
the means of drainage and reclamation in good working condition, a government 
organisation or agency for water economy management must be established as soon as 
possible in every major river basin, including the Kabul basin. 



8. The construction of reservoirs will result in the flooding of some villages, 
farmsteads and cultivated lands, occupying the lands along both banks of the Kabul 
and Logar rivers, within the backwater area, i.e. to some 13-15 kilometres above each 
dam. Peasants* farms, cultivated lands and some dirt roads will be put out of use. 

The loss so incurred by the peasants for their flooded farmsteads and cultivated 
lands will be more than made good, by the developnent of new lands that will many times 
exceed the flooded lands in area. However, the peasants whose lands and villages axe 
to be flooded may not agree to resettlement in new areas, may not be willing to leave 
the localities where their ancestors have lived for many generations. 
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Cases have already ooourred of peasants' petitioning during the course of 
surveys and investigations in the areas of the proposed reservoirs. This should be 
kept always in mind in planning survey work for the next, possibly pre-oonstruction, 
stage of the project* 



9, It is necessary in conclusion to say that irrigation development in the Kabul 
basin has without doubt, very good prospects. However, since the measures 
recommended by this project are based only on reconnaissance stirveys and on a very 
tentative estimate of costs, they should be examined in much fuller detail by further 
surveys and investigation, before final decisions axe taken* 



10* The development of hydro-electric power at the proposed dams at Tangi Saidan 
and Kajao would not be justified, because no water will be released from them for 
long periods each year, when irrigation requirements are nil. 
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SECTIOH V - BkSLVS OF QHAZHI AND mSAR ELVERS 



GHAFEER 25 - IIBSCHIPTIOy OF MSXHS 



1. Ohagni River Thla river rises at a hei^^t of about 3000 m., some 55 Km* north 
of the oity of Ohazni. It flows into the salt lake of Ab-i-Istada, about 1968 m. 
above sea level, in the south-western portion of the Chazni Province* 

From soiiroe to mouth, the Ohazni river is about I90 Km. long, and its catchment 
area totals 12,370 Km2. Ifear its source, the river is torrential and flows in a 
wide mountain valley* On this stretch it has slopes up to I5 m. per kilometre. The 
lower river flows in a very wide valley and has an average gradient of 1.3 m. per 
kilometre towards the Ab-i-Istada lake. 

In the mountainous part of the basin, the watershed is as hi^ as 4OOO m., 
idiereas in the valley it drops to 2000 m. 

About 18 Kin. above Ghazni there is a dam, 35 m. high, with reservoir capacity 
of 20-25 million m3, which stores flood water, to improve the supply to local lands 
and to increase the irrigated area under summer crops. Because of heavy abstractions 
of water for irrigation, the middle and lower reaches dry up in summer. 

The Jilga river is the largest tributary of the Ghazni. Its sources are 
situated at a hel^t of 3860 m., its length is I52 En. and its catchment area is 
4380 Bm , Since I96I an earth dam has been under construction on the Jilga, 26 m. 
hi£^, to store up to 125 million m3, for the irrigation of an estimated meudLmum area 
of 13f200 hectares, mainly grain crops. 

2. Hahar River The river rises at a hei^t of about 3000 m., and flows, like the 
Ohazni river, into the Ab-i-Istada lake. Its total length is 133 Km., and the catch- 
ment area is 3710 Km2, Throu^ the greater part of its length, the river flows in a 
wide flat valley. The maximum heights of the watershed reach 3300 m. 

During the entire summer period the lower liTahar river has no water, since the 
streams which feed it have already been exhausted in the mountainous part of its 
basin to irrigate the meagre plots of land along the banks of these streams and in 
the upper valley. In the lower valley however groundwater irrigation is very popular, 
either by lift from wells, or through a highly developed network of karezes. 

3* Climate The Kahar and Ghazni basins adjoin each other, and the meteorological 
conditions can be taken as the same. In general, these basins are characterized by 
a moderately hot climate. 

(Diere is only one meteorological station in the area at Ghazni, with a five-year 
series of observations. To give an impression of the climate, estimated data sire 
given, based on those fjrom the Ghazni and Kabul stations. 

a) Air temperatures 

The table below gives data on the mean monthly temperatures for the Ghazni 
meteorological station, extends to a 30-year series, and estimated temperatures for 
basin hei^^ts of 3000 m. 
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TABLE 70 

OHAZMI AND NAHAH MSINS - MEAN MOHTHLY AIR TEMPEMTUBES 

Jan Feb Map Apr May Jun Jiil Aug Sep Oct Nov Deo Yearly 
Mean 



Ghazni 

(2150 m)-.5.7 -3.7 4.9 10.9 14*9 19.1 21.8 21.0 15. 6 9.3 4.5 -2.0 9.I 
3000 m.-10.9 -8.9 ^0.2 6.0 10.1 14.4 17.1 16.3 10.8 4.4 -1.6 -7.2 4.2 



b) Preoipltation 

In the aurea of the two rivers and particularly in their valley i)axtB, 
precipitation occurs during November-May. Only rarely, due to the influence of the 
Indian monsoon, does considerable precipitation take place in June and July. 

Precipitation occurs mainly in the shape of snow, which rarely forms a 
permanent cover at heists under 2000 m. In the higher parts of the basin 
the snow cover lasts throughout the cold period, and melts completely by mid-July. 

Table 71 gives the mean monthly values of the precipitation distribution in 
the Ghazni basin at heights of 2000-2500 m. for a 5-yeair period at the Ghazni 
station. 

TABLE 71 

QEIAZNI MSLN - MEAN MONTHLY PRECIPITATION ; MILLIMETRES 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Ann- 
ual 

Mean 



39.1 29.7 65.5 66.6 26.7 11.0 38.1 1.0 0 0 22.4 33.6 334 



It may be supposed that in the high-altitude part of the basin precipitation 
is about 400 mm. 

In the Nahar basin precipitation is somewhat less than at Ghazni. It is pre- 
sumed that in the Nahar basin precipitations over a period of jeaxa range from 
250 to 350 mm., according to elevation. 

o) Evaporation 

The comparatively high air temperatures, low humidities and frequent strong 
winds in the Ghazni basin create conditions for fairly high rates of evaporation. 

Below are given estimated values of the mean monthly evaporation in mm., com- 
puted on the basis of the air temperature and relative hximidity at the Ghazni meteo- 
station. 
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TABIiE 72 

OHAZM: basin - MEAIT MOITPHLY EVATOMTLOS : MLLIMETRES 
Jan Feb Mar Apr May June Julj Aug Sep Oot Nov Deo Annual 

30 50 100 140 180 190 200 19O I40 100 60 40 I42O 



As already mentioned, olimatio oonditions in the Nahar basin are similjir to 
those in the Qhazni basin, and therefore the evaporation values, mean monthly as 
well as annual, will be olose to those estimated for the Cbazni basin. 

4# Flora and Fauna . The areas surveyed in both these valleys have little vegetation, 
conforming in general to the same pattern as the lower eireas of west and south-west 
Af^anistan, as described in Chapter 1. Scattered patches of treees and scrub occur 
in the mountain areas, with low bushes and ephemeral grasses and other plants in the 
valleys. This scarcity of plant cover has left its impression on the soil, which is 
poor in kumus. Animal life, again, is similar in general to that at equivalent 
altitudes in the other valleys surveyed. 

5. Population . No official data are available as to the size and composition of 
the population of the Ghazni Province. According to unofficial information, around 
600,000 reside in the Province. The main city - Ghazni, the ancient capital of 
Af^anistan - has a population of about 20,000. 

The main source of livelihood for the population is irrigated agriculture and 
animal husbandry, which give occupation to over Q^o of the people. 

The large landlords, renting their lands out on a share-cropping basis, also 
engage in commerce, both within the country and with Pakistan. The imports are 
consumer goods, such as fabrics, sugar, tea and matches, fuel, tobacco, etc. 

There are virtually no industrial enterprises in the provinces, but small 
handicraft establishments number perhaps as many as 2,000. 

A characteristic disproportion in the Ghazni province is the availability of 
large areas of irrigable lands, and also of manpower for their development, on 
the one hand, and an acute shortage of irrigation water on the other. 

6. Roads and Communications . Ghazni city, the capital of the province, is situated 
on the main circular hi^way linking it with Kabul and the other principal cities 

of the oo\intry. The lands surveyed under the Project lie 10 to 80 Km. to the east of 
this road. Dirt roads connect the main highway with the main district centres of 
the province. They are motorable for the greater part of the year, except during the 
rainy season and in spring when torrent debris often destroys stretches of road and 
bridges. 

As elsewhere in the country in spite of the increasing use of trucks, much 
internal goods transport is still done by pack animals. Telegraph and telephone 
communications are available between Ghazni and important national and provincial 
centres. 
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CHAPTER 26 - SOILS AND EXISTING LAND USB 



Cfeneral Information ^ The area surveyed is situated, administratively, mainly 
in the Ghazni province 5 part only lies in the western portion of the Pakhtya 
Province, where the sources of the Nahar and the Jilga (left bank tributary of the 
Ghazni River) are located. 

Soil surveys were carried out in the following areas': 

(i) The valleys of the Ghazni and its tributary, the Jilga - on 
a total area of 389,990 hectares; 

(ii) The valley of the upper and middle Nahar - on a total area of 
123,400 hectares; 

(iii) The Dil district, with the addition of lands situated around the 

Ab-i-Istada lake (lower Ghazni and Nahar and upper Lora) - on a total area 
of 310,000 hectares; 

(iv) The Katawaz area around the village of Wazi Khwa - on an area of 54,900 

hectares. This is the extreme southern portion of the Ghazni province, and 
the lands are situated very near to the Pakistan border. 

It should be noted that under the revised Plan of Operations, it was intended 
that, apart from these areas, the Gomal basin should also be surveyed. But in 
September I962 the Government made a verbal statement that, because of unsuitable 
conditions for visiting the Gomal basin, which lies in a border area, it woixld not 
be desirable to proceed at that time with these surveys. 

Therefore, the study of the land and water resoxirces in the Gomal basin was 
excluded from the Project's programme of work, and it was replaced by soil surveys 
in the Jilga basin (left bank tributary of the Ghazni river). 

The elevation of the lands surveyed is from 2000 to 24OO m. 

On account of a shortage of suitable maps, the soil specialists started with 
a visual survey, late in May I962. 



This visual survey resulted in a brief preliminary report at the end of 
July 1962. 

Further study of the soils was carried out in the period from September I962 
till August 1963, using the data collected during this preliminary visit. 

This investigation covered a total area of 878,290 hectares. The field work 
and laboratory analyses of soil specimens resulted in preparation of soil maps, and 
also maps of land classification and use under the present conditions, separately 
for each area surveyed. The major portion of these maps were prepared on the basis 
of the Pair child topoHoaaps (scale 1:50,000) received in the second half of I962 for 
a part of the Cflxazni province. 
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2. Desoription of Soils , The (Siazni plateau, situated among the mountains, 
includes thick colluvial-alluvial deposits. The areas surveyed form the lower and 
flatter parts of the valleys sloping down from the adjoining low plateaus, with 
strips of the alluvial valleys of the Jilga, Ohazni and Nahar. 

In respect of landscape and climate, the area surveyed mainly represents the 
zone of wormwood steppes of the montane semi-desert, with development of soils 
that refer to desert types. 

The areas surveyed are partially irrigated, and partly still bear the 
traces of ancient irrigation: the fallows of various ages axe represented by 
light-coloured desert soils, poor in humus. The soils are largely silty loams and 
light clays, which have, in many cases, favourable physical properties. 

In every locality surveyed there are small areas where in depressions ground- 
waters flow out from undergroxmd streams coming from the higher areas. However, 
under the present conditions of irrigation the underground water does not take much 
part in the soil formation over most of the areas, and only on the low bxbm beside 
river beds and in places under intensive irrigation is its effect seen in the 
salinization of the soils. 

The existence of a well-developed system of karezes has a pronounced effect 
on the underground water regime, and contributes very much to the favourable con- 
dition of the greater part of the area surveyed. 

However, a considerable portion of the lands around the Ab-i-Istada lake (up 
to 50,000 hectares) are medium to hi^ly saline, with a hi^ (O.6O m. to I.50 m.) 
level of highly and medixim saline ground waters, directly related to the formation 
of these saline soils. 

The soil reports (Voliame IV - Soils) give a detailed description, specifically 
for each surveyed area, of each type of soil, based on the data provided by a study 
of the soil profiles and their laboratory analyses. They supply a morphological 
description of soils, their chaxaoterizing series: terrain, drainage, land use, 
groundwater condition, texture of soil seuonples, etc. 

3. Land Resources . Table 73 shows the classification of the lands surveyed. 



TABLE 73 

CKAZlgl PROVIirCE - LAN]) CLASSIFI CATION 



Name of Surveyed Area 



Total Areas 
Surveyed (ha) 



II 



Classes of Land 
lit IV 1 



VT 



1. Valleys of Ghazni & 
its tributary Jilga 

2. Valley of upper 8c 
middle Nahstr 

3* I>il area - around 

Ab-i-Istada laike 
4« Wazi Khwa (Katawaz) 



389,990 
123,400 

310,000 
54,900 



76,150 74,040 40,920 110,880 88,000 

5,600 43,000 19,300 10,500 45,000 

74,740 65,000 15,230 35,530 119,500 

11,600 14,000 6,000 23,300 



878,290 156,490 193,640 89,450 162,910 275,800 
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4. Present Land Use ^ The river Ohazni with its tributaries and the river Nahar 
are the sources of irrigation. The run-off b of these rivers, except during the 
flood period, are fully taken up for irrigation* In all the areas surveyed, and 
especially in the Nahfiu? valley and the Wazikhwa area, ground iraters are also success- 
fxxlly used for irrigation throu^Ji a highly developed system of "karezes" and also 
from wells equipped with pumps or other water-lifting devices. 

The main crops on the irrigated lands are winter grains (wheat and h€irley), 
maize and fodder crops - alfalfa and Persian clover. The proportion of melons and 
vegetables, rice, orchards, vineyards, etc. is limited. 

Dry-fajpmed crops are grown on a small area, but they are of little importance 
as their yields are always low, even in years of good rainfall. At best, the 
peasants get a threefold yield on the seed sown. 

The crop-fallow system of agriculture is a characteristic feature of the farming 
in the province. A plot is sown to crops for one year, followed by 3-4 yeiars fallow. 

Irrigation from the rivers is effected through numerous canals. In particular, 
5,200 hectares of land in the middle part of the Ghazni valley are irrigated by 47 
canals, each with a separate intake from the river. These intakes axe repeatedly 
destroyed by floods. Water distribution for the canals is chaotic and uncontrolled. 

••Karez" irrigation is highly developed, as has already been indicated, in the 
Nahar valley and the Wazi iChwa area. The Karezes flow at depths of 5 to 16 m. 
below the surface and the inspection wells are spaced out at 20-25 metres. A "Karez" 
canal irrigates from 5 to 80 heot€ires, and is owned by 3 to 20 families. The water 
discharges from the karezes range from 3 to 50 litres/sec. As a rule, the irrigation 
plots are well levelled; in most cases they are flooded and only rarely are they 
watered through furrows. 

No mineral fertilizers are used; local manure is used only on a very insignificant 
part of the area. 

Table 74 below gives land areas and describes their use under the existing 

conditions separately for each area surveyed in the Ghazni province. 

JAH£Ji 

QHAZRI PROViyCE - mSTINQ LAND USE 

Land Use 



Area 9^ of 

hectares total 



area 



Valleys of Ghazni river and its tributary Jilga 

1. Annually irrigated lands 43,970 11 

2. Fallow, or intermittently partially irrigated, 

lands T2hder dry farming 100,800 25 

3. Lands used as pastures: 
Complex of irrigated non-saline and 

non-irrigated lands 30,400 8 

Highly eroded saline lands 57,090 14 

Consolidated and non-consolidated lands 68,520 l8 

Eroded stony lands 89,210 24 
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TABLE 7A (Cont'd) 



Land Us^ 



1. 
2. 



I. 



1. 
2. 

3. 



1. 
2. 



3. 



Upper and middle Hahar Valley 
Anniially irrigated lands 

Lands used for pastiares and partially for dry 
farming crops: 

a) Eroded, non-irrigated lands used for pastures 

b) Fallow, non-irrigated lands used for pastures 
and dry farming orops 

Saline, thin lands used only for pastures 
TOm 

Ml Area - around Ab-i-Istada Lake 
(Lower Ghazni and Nahar and Upper*"Lora) 

Ann\ially irrigated lands 

Intermittently partially irrigated lands and 

lands used for dry farming 
Lands used for pastures: 

a) Complex of saline and dry farming lands 

b) Higjily saline (meagre pastures) 
o) Eroded skeletal soils 



TOTAL 



KatavasB 



Annually irrigated by karezes and household plots 
Lands used for dry f aiming crops and pastxires: 

a) Non-irrigated, partially cxiltivated plots and lands 

b) Eroded non-irrigated, partially cxzltivated lands 
o) Complex of non-irrigated, partially cultivated 

saline lands 
Lands used only for x>astures: 

a) Saline virgin lands 

b) Lands with undulating terrain and stony patches 
TOTAL 

Grand total for sixrveyed areas of Ghazni Province 
Including: 

Unconditionally suitable for irrigation Class II 
and III lands, 
out of which: 

there are now irrigated only 



Area 
hectares 



9,010 



33,790 

21,820 
58,780 
123,400 



10,000 

139,000 

26,000 
50,000 
85,000 



2,870 

8,250 
9,590 

14,060 

6,300 
13,830 

54,900 

878,290 

350,130 



?S of 

total 

area 



27 
18 

ife 



3 

45 
8 

16 
28 



310,000 



15 
17 

26 

12 
15 

io5 

lOOfo 



65,850 or I99S 
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CEUlBTER 27 - HYMOLOQY 



1. Initial Data The appraisal of the regime of the Oaxazni and Nahar rivers, 
their flow and sediment discharge, as well as the minimm discharge, is based on 
the observations at the gauging stations at Noorbuja, on the Ohazni river, for 
1962, and at Sardeh, on the Jilga river, for I957, and also on the analogous data 
for the Murtaza station, on the Oomal river, situated in Pakistan, where observations 
have been carried out over the period from I929 through 1953. The appraisal below 
must therefore be taken as very approximate. As hydrological data accxamulate, the 
run-off values should be more closely estimated. 

2» Regime of the Gftiag ni and Nahar rivers The low elevations and limited extents 
of catchments, the existence of depressions that have no flow, scant precipitations 
which usually occur during the cold season, instability of the snow cover, contrib- 
ute on the whole to the fact that run-off s on the Gttiazni and Nahar rivers are 
relatively low. Floods on these rivers start in March, when snow begins to melt 
in the mountains and rainfall intensifies, and end in May or June. In the summer 
and auttamn-winter periods the run-off is entirely taken for irrigation. 

3. Normal Annual Run-off The basis for the estimation of the normal annual 
run-off of the Ohazni and Nahfiu? rivers is given in Volume III - Hydrology. Table 75 
shows the estimated figures of this run-off. 



4. Fluctuations of Annual flow Table 76 gives estimated figures of the data of 
the hydrological viuriations in the annual run-off s of various probabilities on the 
rivers of (fliazni and Nahar at their mouths. 



Name of Hiver 



TABLE 75 

GBA2NI AND NAHAH HIVERS ^ NORMAL ANNUAL RUN>>OFFS 

Mean Discharge (m^/aBo) ] 



Normal Annual 
Run-off in mill.m^ 




TABLE 76 



QHAZNI AND NAHAR RIVERS - ANNUAL FLOW FLUCTUATION^ 



Name of River 




Ghazni 
Nahar 



29.7 24.8 22.4 19.1 15.5 9.9 6.6 3.3 2.7 1.9 
8.1 6.8 6.1 5.2 4.2 2.7 1.8 0.9 0.7 O.5 




* Probability 



See Glossary 
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5# Run-off Distrjljution Within the Year The main part of the Ghazni aiad Nahar 
run-offs oome doim during the spring months, primarily due to the rainfall. Over 
the rest of the year these rivers are fed either by the seasonal snow melting in 
the mountains I or hy the underground sources whioh are almost entirely used up- 
stream for irrigation for almost four months - from July to October. The distribu- 
tion of the run-off of these rivers within the year is vexy irregular, but is 
similar for both rivers. 

TABLE 77 

GHAZNI ATO NAHAR RIVERS - DISTRIBUTION OF RUN-OFPS WITHIN 
THE YEAR IN ^ ' 

Jan. Feb. Max. Apr. May June July Aug. Sep. Oot. Nov. Dec. 

4 4 20 37 26 0.5 0.2 0 0 0.3 2 6 

For the Year - 100 



The seasonal distribution of the Ghazni and Nahar flow in percentage of the 
annual run-off amounts tot 

Spring (March-May) 83. 05^ 

Summer-Autumn (June -^tober) 1.0^ 
Winter (Novembea>-February) 16.05I& 

It should be noted that the summer, autumn and winter run-off of the Ghazni 
river, 179^ of the tptal or 35 mill.m3 in a year of 75?^ probability, is entirely 
taken for irrigation. Of the spring run-off, 83^9 or 172 mill.m^, over 1/5 is 
controlled by the Band-i-Sultan reservoir, and over 3/5 will be put under control, 
from late in 19^4$ i^en the Sardeh reservoir is in operation, as described in 
Chapter 28. Thereafter, all the seasonal xun-off in the Ghazni basin will be almost 
fully regulated. 

6. Maximum Discharges Those are shown in Table 7^ below. 

TABLE 78 

GHAZNI AND NAHAR RIVERS - ESTIMATED MAXIMUM DISCHARGES 



Name of site Maximum Disohearges (mVsec)t at Probability 

and river i ^ 12 

Ghazni Mouth 770 600 520 41 0 

Nahar Mouth 320 24O 210 17O 



7. Sediment Discharge Volume III - Hydrology - gives information on the annual 
suspended load discharge, based on the data on the silt load and the normal annual 
run-off. 
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CHAPOIER 28 - MMS AND BESERVOIRS 



As is evident from the hydrologloal data, the GQiazni and Nahar rivers have 
relatively limited surface water resources, espeoially from June to Februaxy, that 
is, after the passing of the flood. As to the Wazi Khwa (Katawaz) situated in the 
southern -paxt of the Gftiazni Province, south and south-east .of the Ab-i-Istada lake, 
this area practically has no surface waters* 

At the same time, the Province is in possession of very large resources of 
lands in the areas surveyed* As shown in Chapter 26, the total area of Class II and 
III lands, unconditionally suitable for development of irrigated agriculture amounts 
to 350,100 hectares, out of which only 65,800 hectares, or about 19?i, are annually 
oxiltivated and irrigated under the present conditions. 

Such a major disproportion in the land and surface water resources cannot be 
rectified, despite the fact that a portion of the spring flood waters of the Ghazni 
and Nahar rivers is not used and flows into the Ab~i-Istada l£ike. 

As already mentioned in Chapter 27, the spring flood waters in the Ghazni basin 
are already partially controlled by the existing Band-i-Sultan dam on the Ghazni 
river upstream of Ghazni city. This, originally built centuries ago, was recon- 
structed about 1940. It is a concrete and masonry dam, 35 high, forming a reser- 
voir with a capacity of 30 mill. m-^. The Sardeh reservoir on the Jilga river, 
formed by an earth dam 26 m. high, with a capacity of 125 mill, m^, has been under 
construction since I96I, and will be completed in I964. The total capacity of the 
two reservoirs will come to about I65 mill.m^, approximately 78% of the total 
annual run-off of the Ghazni basin in a year of 75^ probability. 

In effect almost all the seasonal run-off in the basin will be controlled by these 
reservoirs. However, since it is to be expected that the available storage of these 
reservoirs will have silted respectively after 10 and 25 years, new capacities will be 
needed to regulate the run-off. In this connection, a study was carried out on 
aerial photographs and topo-maps, as well as field trips, to locate potential sites 
for storage dams on the Ghazni and Nahar rivers. The results of the surveys show 
that on the mountain stretches of these rivers, notwithstanding the availability 
of possible sites for dams up to 4O m., the steep gradients of 15-20 m. per kilo- 
metre, as well as the narrow gorges, limit the reservoir capacities to such an 
extent that construction of dams there would be unprofitable. The silt life of 
such reservoirs, if constructed, would not exceed 10-12 years, which is too short 
to be justified. 

Conditions for building economically justified reservoirs do not exist in the 
valley parts of these rivers. However, a proposal has been mooted for a reservoir 
at Paltu, on the Jilga river, some distance upstream form the Sardeh dam, to have a 
capacity of 30 mill.m3, sufficient for the irrigation of 3000 hectares. This was taken 
into account in considering storage at Sardeh, The Paltu reservoir could not be 
required in less than 20 yeaxa time, when the allowance for dead storage at Sardeh 
will be silted up, and its effective capacity begins to be diminished. 
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Since no possibility oould be discovered of providing additional water for the 
(jhazni and Nahar rivers from other basins, this idea is ruled out. 

The available unused resources of underground waters, however, could be consid- 
ered for at least partial irrigation development in the future, in the Ghazni 
Province. But this oould be decided upon only after further hydrogeological investig- 
ations, as mentioned in Chapters 29 and ^0. 
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CHAPTER 29 - IRHIGAHON lEVELOPBgBlSrT 



!• General As already shown in Chapter 28, the Ghazni Province as a whole has 
large potential land resources suitable for irrigation. Therefore, the Government 
of Af^anistan has for a number of years been raising' the question of possible 
irrigation development of at least a part of this land potential. 

Loval investigations and studies towairds this end were started in recent years 
with the assistance of some foreign organisations. In particular, from 1952 to 1954 
the American company Morrisson-Knudsen began, and the "Teohnopromexport** (USSR) 
company finished in 1958, comprehensive investiagtions for storage dams at Sardeh 
and Paltu in the upper Ghazni basin. The dam at Sardeh, as already mentioned, will 
be completed in I964. 

The capacity of this reservoir will increase by 13,000 hectares the irrigated 
lands of the Province, growing the present range of crops, that is, mainly grain 
crops. It would have been desirable by the time the reservoir came into operation 
to have a water intake, irrigation system and new lands reclaimed and prepared for 
irrigation. However, an irrigation system, far from being built cannot yet be 
designed as no surveys have ever been started in the block of land that is earmeupked 
for irrigation in the Andara area. In this area, commanded from the Sardeh dam site, 
at present an irrigation system exists over an €Lrea of only 24O hectares irrigated 
from the Jilga river. 

Part of the stored water mi^t be used to irrigate free lands in the 
lower Ghazni basin, but this would require reconstruction of the existing irrigation 
system, the capacity of which is very limited, to say nothing of the fact that this 
system has not even the most elementary regulating works or measuring equipment. 

This suggests a lack of coordination, as far as capital investment is concerned, 

which has resulted in the state funds being frozen for several yesu?s, due to the 

impossibility of using at once to the maximum and in a reasonable way the stored 
water for irrigation development. 

As described in Chapter 28, conditions for further storage of water on the 
Ghazni and Nahar rivers are absent. 

2. Ground Water Resources The hydrogeological investigation made in parts of 
the Province show some possibilities of developing irrigation by using groundwater. 
Because of lack of time, funds and the necessary equipment, this survey in the Nahar 
valley was carried out visually, without any drilling, throu^ inspection of rock 
outcrops, wells, karezes, etc. (The Plan of Operation of the Project made no 
provisions for special hydrogeological investigations). 

The engineering geologist's report in Volume II shows the stratigraphy, available 
rocks and their locations, and gives brief considerations as to the extent of the 
water-bearing strata and the quality of underground water; a description is given 
of the present utilization of the groundwater through karezes and also wells equipped 
with lifting devices. 
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TLe preliminary conclusions are that artesian waters are absent in the mountain 
formations of the Nahar valley surveyed. The main aquifers are considered to be the 
Pleistocene gravels and overlying alluvixim on the side slopes. 

Based on the preliminary data of the survey, the conclusion is that the Nahar 
valley has considerable ground water reserves. However, to establish their potent- 
ial and quality and the possibilities of their use for irrigation development, 
special hydrogeological investigations are necessry. 

At present, a new Special Fund project is being undertaken. - "Suarvey of 
Underground Water in a Number of Areas in Af^anistan". (see Chapter 2, section 15) 
The Project will include a part of the Ghazni Province, over an area of 22,800 Km^ 
in Katawaz. 

The surveys of the present Project in the Ghazni Province were restricted to 
studies of the land and water potential. The preparation of a draft scheme of 
irrigation development must await the completion of the hydrogeological investiga- 
tions. 
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CHAFCBR 30 - CONOIXTSIONS AND HECOMMEammOHS 



!• In aooordanoe irith the land olasslfioation in the areas •urveyed for soils, 
the total area of Classes II and III soils suitable for irrigation ambTints to 
350 1 700 hectares. Out of this acreage only 65 fSOO heotau^esi or IS^f are annually 
used for irrigation* 

She soils of these classes have, as a rule^ good texturef they are loamy, vith 
a thick soil cover, non-saline and have quite satisfactory physical qualities* 

Provision of vater for the lands is the cardinal problem to he solved before 
any irrigation development, major or minor, is undertaken. 

2. Classes 17 and V lands, on an area of 232,400 hectcures, are mainly used as 
pasttires at present and are little suitable for irrigation, but, given water, they 
could be used in plots for irrigated crops, and plantations, to improve, first, the 
fodder supplies for animals, and second to provide fuel, to improve the micro- 
climates and to reduce or prevent wind erosion of the soils. 

3« Irrigated agriculture using river water at present mainly grows winter grain 
crops, pa^rticularly wheat and barley, which occupy over 90^ of all the annually 
irrigated landsf only up to 10^ of the area is occupied by summer crops. On the 
lands irrigated by groundwater, fj:rom the highly developed system of karezes and 
by lift from wells, proportions of the crops grown are different. Not less than 
30^ of these areas are used for summer crops (vegetables, melons, orchards, vine- 
yards, etc.) and, as a rule, these lands are cultivated more intensively, giving 
two crops a year. 

4. The Qhasni Province as a whole possesses large potential resources of land 
suitable for irrigation development, but very limited surface water resources. 

Of the normal run-off of the Ghazni river, 346 mill.m^ (83^) passes 
during the three spring months (March-May), 1>^ in the summer and auttamn months, and 
the remainder (l6^) during the winter months (November-February). 

Orographically, the Nahar river is similar to the Ohazni and its estimated 
normal anniml run-off does not exceed 94 mill.m^. 

5. If the run-offs of both rivers could be fully used for irrigation, and assuming 
that the present agricultural crops receive about 509^ of the irrigation requirements 
(about 7,000 m3/ha.), the water resooirces of these rivers could ensure the irrigation 
of not more than 63,000 hectares. 

If it is assumed that under the existing conditions out of the present total 
irrigated a^rea of 63,800 hectares only 12,000 are irrigated by groundwater, then 
when the GBiazni and Nahar rivers are fully put under control it would be possible, 
using surface waters, to increase the total irrigated area by 11,200 hectares. 

6. The run-offs of these two rivers cannot however be fully used, since the topo- 
geological conditions limit the possibility of constructing economically justified 
storage dams in addition to the existing dam on the Ghazni river and one being built 
on the Jilga. 
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7. Ground water is being used in considerable quantities in the Nabar valley, and 
to a less extent in the Wazi Khwa area, mainly from karezes but also by lift from 
wells. The yields of the karezes and wells range from 3 to 50 litres/sec. 

8. Bie water from wells and karezes is applied scantily, The use of irrigation 
water from the rivers, especially in their upper reaches, lacks control and leaves 
much to be desired. Establishment of control over the distribution and use of the 
water now taken for irrigation from the rivers should therefore be the first step 
in developing irrigated agriculture. 

9« Irrigation development in the province has already been started. At present 
the construction of the Sardeh dam is nearing completion, and the water stored in 
this reservoir will make it possible to increase the irrigated area by 8,000 to 
13,000 hectares, depending on the composition of the crops grown. Until a new 
irrigation system is provided in this area, for not less than 5 years the water from 
this reservoir will partly be used for improvement of the water supply of the lands 
now under irrigation in the Qhazni valley, involving regulation and in part extension 
of the existing canals. 

10. Bational use of additional supplies of water for irrigation will involve control 
works on the rivers as well as on the canals, to ensure effective intake and distrib- 
ution. Any water project, especially one including a dam and reservoir, requires 
skilled local and general management to maintain the works always in order, and to 
use every litre of water to the best advantage. This is particularly important in 
the Ohazni area, with its large resources of land and its very limited amounts of 
water. 

11. However, management of water alone is not enoufijh. Without the introduction of 
modern techniques of cultivation, production of crops cannot be expected to increase. 

12. Therefore, in planning the economy of the country, and in particular its agri- 
cultural development, priority should be given to training its own people, and 
primarily hydraulic engineers and agronomists, with a view to raising the standards 
of agricultural production by well-qualified management, in the various parts of the 
country including the Ohazni Province. 

13* The results of the reconnaissance survey of hydrogeology in the Ohazni province 
show that there are possibilities of developing irrigation further by the use of 
groundwater. However, before this can be done, detailed investigations and studies 
in this area must be made. These are included in the UNSP Project referred to at 
the end of Chapter 29. 

14. Bearing in mind that in the near future, after the completion of the groundwater 
studies, the problem of irrigation development in this part of the country based on 
the use of groundwater should have a high priority, it will be necessary in connect- 
ion with the hydrogeological study to carry out a broad programme of collecting 
relevant information and data. This should include: 

a) The establishment of gauging stations in the Ohazni and Nahar rivers. 
In studying the regimes of groundwaters, data on the run-off s of surface 
streams and the regimes of reservoirs are very important. At present 
there exists only one gauging station on the Gbazni river, close to Band- 
i-Sultan reservoir, set up at the end of I96I. There are no stations on 
the Naheu: river, and no observations axe made. 
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b) Organization of a meteorologioal station in the middle Nahar 
▼alley. In studying iindergroiand water regimes it is necessary to 
know all the meteorologioal factors and to trace their importance 
in the formation of the ground vater regimes. It is necessary to 
have information on the precipitation, air temperature air humid- 
ities , evaporation, barometric pressures, soil temperature, and 
snoir cover, etc. 

To find out the conditions of replenishment of the aquifers an 
accurate record of all the precipitation (rainfall as well as snow) 
is particularly important. 

In studying artesian waters, it is necessary to consider the baro- 
metric pressure in the weas whence they are replenished, even if 
they are remote from the weather station. 

c) Organization of topographical surveys to looate all the sites 
of dams and observation points on the terrain and the map. This 
information will be needed also for the continuation of soil reclam- 
ation with the use of ground water. 
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SECTION VI - ADRASKAND RIVER BASIN 



CHAPTER 31 - DBSCRIPTION OF BASIN 



1# General Desoriptlon of the Baain Hie Adraskand river has a total length of 
480 Its sources are situated at altitude of about 3fOOO m., and it flows 

into the Hamun-i-Sabari lake in the Seistan depression, at about 600 m. The river 
has slopes of from 9 to 15 m. per Kin. in the mountainous patrt, and on the average 
3 m. per Kin. in the lower valley, which is wide and flat. 

TtiB total catchment area has been estimated as 22,000 Kin^. The watershed in 
places exceeds 3)000 m. and elsewhere is as low as 1,000 m. The catchment area 
situated above 2,000 m. amounts to only 2,800 Km^, or 13?^ of the total. 

2. Climate As about QOfo of the catchment area of the river is situated in the 
zone of the plains and foothills, the basin of this river has a hot climate, with 
a high air temperature, little precipitation, and low humidities. 

a) Air Tempera ttare (Centigrade) 

The mean monthly temperatures of January, the coldest month, 
and July, the hottest month, respectively are as follows: - 

January July 

At a height of 3,000 m ^ -10.3^0 lO^C 

At Adraskand village (1350 m) 0.5<>C 27.70C 

At river mouth (600 m) 7.8^C 36.0^0 

h) Parecipitation 

Little precipitation occurs in the Adraskand basin, only during 
the months of November to May, and mainly in the shape of rainfall. 
It is believed that on the average its different parts receive 
throu^out the jeax the following amounts: - 

In the lower basin 50 - 100 mm. 

In the Adraskand village area I50 - 200 mm. 

In the highest parts of the basin up to 300 mm. here 

precipitation also 

occiirs as snow. 

c) Evaporation 

Evaporation from water surfaces is estimated to be 2900 mm. for 
the lower basin, and I9OO mm. per year for the Adraskand village area. 
Volume III - Hydrology - gives information on mean monthly temperatures 
and evaporation values for each month for the Adraskand basin zone. 

3. Vegetation and Animal Life The Adraskand basin adjoins that of the Faxah Rud. 
The physico-geographical and climatic conditions in these two basins axe very similar 
and the flora and fauna of the Adraskand axo analogous to those of the Farah Rud 
basin, described in Chapter 12 of this Volume. 

4. Population There are no official data on the population statistics. However, 
judging by the information obtained by the tax inspection staff, it is believed that 
the population in the Adraskand basin may be about 80,000, of whom about 7OOO live 
in Shindand, the main city. 
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The main ocoupations of the population €tre agriculture and animal husbandry; 
only up to 6^ of the popxilation we engaged in handicrafts, oommeroe and construct- 
ion work. The hulk of the population reside in the valleys of the Adrmskand river 
and its tributaries, wherever conditions exist for irrigated agriculture* 
The mountainous part of the basin or in the deserts of the lower basin are virtually 
uninhabited. 

5* Roads and Communications Siindand city is connected with the rest of the country 
by the circular highway* (see Chapter 3) Shindand is also one of the two western 
terminals (the other being Herat) of the road which crosses the country from west to 
east and passes via Kabul to Pakistan* Local roads within the basin are very poorly 
developed and little suitable for motor transport, the majority of loads being 
carried by pack transport. 

Shindand is connected by telegraph, radio and telephone with all the major towns 
in the country, but there are no telecommunications within the basin. 
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CHAPTEH 32 - SOILS AW) mSTiyQ lATO USE 



1* General Information The soil surveys oovered lands situated on both banks of 
the Adraskand river in the vicinity of Shindand. The area surveyed on the left bank 
iras two thirds I and that on the right bank was one third, of the whole* 

The lands surveyed lie at hei^^ts from I43O to 1CX)0 m* above sea level. 

2« Description of Soils On the basis of the data obtained from the field trips, 
five main soil types were established* Their brief morphological descriptions are 
as follows 

i) Brown desert soils| irrigated^ light and medium loamy, 
non-saline, alluvial; good drainsige and satisfactory 
terrain* 

ii) Hydromorphic irrigated soils, partly saline, alluvial* 
Drainage and terrain are both satisfactory* 

iii) Heddish-brown desert soils, sandy loamy, skeletal, gravelly^ 
hi£^ly permeable. The terrain is that of mountain slopes* 

iv) Gravelly complex with irrigated patches* 

v) Gravel deposits* 

Volume IV - Soils «- gives a detailed description of typical soils in the suxrveyed 
part of the basin, together with chemical analysis data for each typical profile* 

3* Land Resources The soil surveys resulted in the following division of the 
land into classes, according to the existing classifications 



Class Area in hectares jo of total eurea 

II 24,700 16 

III 5,000 3 

IV 5,300 3 

V 100,000 65 

VI 20,000 13 

TOTAL 155,000 T50 



4. Land Use Under the Existing Conditions Under the present conditions, the use 
ofsurveyed lands is classified in the following way: 

a) Intensively cultivated lands and farmstead plots 11,000 hectares 79^ 

b) Intermittently irrigated, dry farming, and fallow 

lands 12,000 %io 

c) Intermittently irrigated, non-saline lands and 

non-irrigated saline lands, used as pastures 4,300 " 3?^ 

d) Lands eroded to various extents and gravelly 

lands, mostly used as pastures 127 < 700 " 82^ 

TOTAL 155,000 ^ 10?^ 



The irrigated agriculture is mainly based on the use of the waters of the 
Adraskandi only a very insignificant area is irrigated by groundwater with the help 
of karezes* 
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Aaidst the iride variety of agricultural oropS| nheat is given the top priority, 
Imt in oontraet irith other basins, rioe also oooupies considerable areas. 

The peasants have small holdings, and only very fev farmsteads have more than 
one hectare of irrigated land. Die plots are small, rarely exceeding 0«1 hectares, 
but are very veil levelled* Crop rotations are not rigid, the peasants folloving 
traditional practices. 

Mineral fertilizers are not employed, but earth manure and dung are applied 
annually on intensively cultivated plots. 

The spairseness of irrigated plots is a characteristic feature of the Shindand 
valley irrigation. One of the main reasons for such a peculiarity is the undulating 
terrain vith depressions which, in the absence of drainage canals, grow saline. The 
other, and still more important, reason is the lack of control over the distribution 
and use of irrigation water. 
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CHAPTER 33 - HTDBOLOOT 



!• Initial Data The appraisal of the water resoiiroes of the Adraskand basin is 
hased on the analogous data for the Parah lud river and on short-term observations 
carried out at two gauging stations in the Adraskand valley, set up by this Project 
in February I963. 

2. River Regime The rather low elevation of the oatdhment area of the Adraskand 
basin, the limited amount of seasonal snow, and the ooourrenoe of rainfall during 
the period from Maroh to May, oause several short-lived floods, whose maximum dis- 
charges at the Adraskand and Rud-i-Ohaz confluence may rise to several hundred 

During the summer and almost throoi^^out the entire autumn, when precipitation 
is nil in the basin, the river is fed by groundwater. During this time, discharges 
at Adraskand village range from 0,5 to I.5 m3/sec. The flow in the summer and autumn 
period is fully consumed for irrigation and the river dries up till December. 

3. Normal Annual Run-off The appraisal of the normal annual run-off of the 
Adraskand river has been based on the established relationship between the mean run- 
off modulus and the average elevation of the river basins in the south-western 
Afghanistan. It was assumed, reasonably, that the run-off formation in the upper 
Adraskand is similar to that in the Farah Rud. 

TABLE 79 

ADRASKAND AND BnP-I-QHAZ - ESTIMATED NORMAL ANNUAL HUN-OFFS 



Name of River 
and Station 



Mean Discharge m3/sec. 
Normal Tear Year of 75?^ 
Parobability » 



Annual Run-off Mill>m3 
Normal Year Year of 759^' 
Probability * 



1. Adraskand at gauging 
station near Adras- 
kand village 

2. Rud-i-Qhaz at gauging 
station 

3* Adraskand below con- 
fluence with Rud-i- 
Qhaz 



4.3 
4.3 

8.6 



2.7 
2.7 

5.4 



135 
135 

270 



85 
85 

170 



* Probability - See Olosswy 

4- Run-off Distribution Within the Year There was established the following 
approximate distribution of the run-off within the year, in ?^ from the annual run- 
off, at the gauging stations on the Adraskand and its tributary Rud-i-Ghaz: 
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TABLE 80 

ADRASKOD AHD BUD-I-QAZ - HDH-^FF DISTRIBimoy WimiH THE JELR 
Jan Feb Jfar May Jiine Jidy Aitg SBv,t Oot Nov Deo Year 

9.7^ 27.4?^ 11.1^ 179^ T7a^ TT^f T:??^ IOT 



The seasonal distribution of the river run-off in ^ from the annual run-off is 
the follovingf 

Spring (Maroh-May) 68. 53^ 

Siaiomer and Aut\imn (June-November) 10,2^ 
Winter (December-February) 21.396 

All the smmer and autumn run-off, and probably all the winter run-off, is fully 
taken up for irrigation. However, out of the spring (flood) run-off, amounting to 
170 X 68.5?i = 116 mill.m3 at 759^ probability, not more than 50?^, that is 5O-6O 
mill.m3, is used. The remaining could be used only if the run-off were control- 
led by reservoirs. 

5« Fluctuations of Annual Bun-offt Maximum and Minimum Discharges and Sediment 
Discharge The values of the annual r\m-off fluctuations, maximxim and minimum dis- 
charges, at various probabilities, and also the sediment discharge of the Adraskand 
and its tributary Rud-i-GBiaz, and also the sediment discharge of the Adraskand 
are given in Volume III - Hydrology. 



154 



GHAPOIIB U - MMS ARD BESERVOIRS 



1* Q^neral It was noted in Chapter 32 that in the surveyed basin area 
there are 29,700 hectares of Classes II and III lands quite suitable for irrigation. 
Out of these lands only 11,000 hectares, or about 409S, are now annually irrigated, 
because of the lack of water for irrigation, the remaining 60?S, mostly fallow lands, 
being at present partially used for dry farming crops which give very low yields. 

Of the total annual run-off, 54 mill.m3, or 31.59^> occurring in the summer, 
autumn and winter, are already completely used for irrigation. As already shown in 
Chapter 33, of the run-off in the spring period, II6 mill.m^, not more than 50?^ is 
now used, that is up to 58 milltm3. The other 50^ could be used only with water 
control in reservoirs. 

2. Potential Researvoirs To ascertain the possibilities for irrigation development 
in the Adraskand basin, eome topo-geologioal studies were made to discover potential 
dam sites for reservoirs. 

On 1150,000 maps of the mountainous part of the Adraskand and its tributaries 
the Rad-i-Qhaz and the Wuland, two potential sites on the Rud-i-Ohaz were located on 
paper, of which one was far up its course and had a very limited catchment. It was 
only possible to visit the lower site. It was found that here the Rud-i-Ghas has 
relatively steep slopes up to 15 m. per Kilometre, and narrow gorges, and that 
because of geological conditions the hei^^t of the dam could not exceed 30 m. It 
was estimated that this coxild provide a reservoir with a capacity of only 15 mill.m^, 
and that this would silt up in about ten years. This site cannot be recommended. 

The southern tributary of the Adraskand (Wuland), is even less promising, 
judging by the 1:^0,000 maps, than the Rud-i-Ghaz catchment. 

The limited time available to the Project did not permit of a more extensive 
survey of the Adraskand dam sites. The possibilities of the lower valley, particul- 
arly of the gorge a short distance above Jiga Sarai, remain to be examined. But, 
considering the water resources that still remain unused in this area, only about 
60 mill.m^j and the preliminary topo-geological investigations made, it can be con- 
cluded that the prospects of irrigation development in the Adraskand basin are 
limited, and that compared with the Hari Rud and the Farah Rud, between which Adras- 
kand is situated, this basin will not play any substantial role in the development 
of agricult\ire and economy as a whole of this part of the country. 
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COkPTEBL 35 - POlMmAL IHHIQATION liETELOPMENT 



The soil surveys havs proved that there are available in the Shindand valley 
free land resources sxii table for irrigation. 

The lana olassif ioation has shovn that in the surveyed part of the Adraskand 
basin lands of Classes II and III amount to 29^700 heotares* Kiese are lands that 
need only water. For irrigation development of these lands, however, the oonstruot-* 
ion of reservoirs irill be required, sinoe \inder the present conditions, that is 
without water control, only 11,000 hectares, or arotrnd 40^, can be provided with 
irrigation water. 

As already mentioned, out of the ll6 mill.m^ of the spring run-*off , only up 
to 58 mill .11^ is at present used. Consequently, unused water resources in the 
Adraskand basin are equal approximately to 58 mill.m^. 

With the present range of agricultural crops and the irrigation regime, the 
gross irrigation requirement will bei 10,200 mV^^<3'^u^* 

In these conditions, and using the water resources of the Adraskand basin in 
full, potential irrigation development in this area can cover an additional 5,700 
hectares. 

Construction of a reservoir will be squired to make use of this land potential 
in the Adraskand basin. 
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CHAPTER 36 ^ CONCLUSIONS AND RECOMMEKMTIONS 



1. Oie Adraskand basin has land resoxirces, but very limited water supply. Out of the 
29,700 hectares of Classes II and III lands quite suitable for irrigation, and 5,300 
heoatres of Class IV lands conditionally suitable, only 11,000 hectares are now 
annually irrigated. Water is necessary for irrigation development on the remaining 
18,700 hectares (Classes II and III lands). However, out of the total annual run-off 
at 75% probability, only about 58 mill.m3 of unused water is available in the Adraskand 
basin. Making use of all this water, irrigation development in the basin could be 
expanded only by 4OOO-6OOO hectares. A reservoir with an available storage of up 

to 60 mill.m3 would be req\iired, which would control the Adraskand water reso\]rces 
completely. 

2. The Adraskand basin is situated between the Eaxt Hud and Parah Rud basins. 
These two basins have large land and water resources potential (see Sections II and 
m). Utilization of this potential will be given a top priority by the Government 
of Af^anistan in the economic development of the country *s west and south-west 
pMts. Therefore, in the Adraskand basin with its free land resources and very 
limited supply of water, irrigation development must be contemplated as a more dis- 
tant goal, that is after the Farah and Herat lands are developed. 

3* ^e existing irrigation system in the Shindand valley is composed of numerous 
canals of different discharge capacities (from 50 l/sec. to 1.5 m^/aeo^) with indep- 
endent intakes in the river, which are liable to frequent destruction by floods. 
Measures of a general nature should be begun as soon as possible in the Adraskand 
basin to improve the system of water intake, distribution and use. For this, it will 
be necessary to combine the various headworks and feeder canals, and to equip them 
with regulating, measuring and other control equipment. It might also be necessary 
to create a drainage system for those areas having poor natural drainage, with 
a view to reducing salinization and saving the land from ftirther deterioration. 
Finally, to lessen the harmftil influence of the strong summer winds on crop 
productivity, and to avoid soil erosion, a start should be made in planting shelter 
belts of useful, decorative or fruit-bearing trees and shrubs. 
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GHAKEEat 37 - BAKIfA VALIgT t POSSIBILimES OP IHSIOATIOT 



In the course of implementation of thie project the Minister of Agriculture of 
Af^nistan asked for opinions as to the possibility of irrigation of the Bakva 
▼alley. 

Because of the lack of means and time^ this chapter gives a strictly preliminary 
forecast of the possibilities of irrigating these lands, i^ose study was not included 
in the plcm of operations of the project. This forecast is based mostly on aerial 
photographs and contour maps. 

The Bakira valley is situated between the Parah fiud and Khash Had rivers. Visual 
reconnaissances of a part of the lands in this valley suggested that they migjit be 
suitable for irrigation} some soil survey has been done under the Helmand Valley 
Authority, but the results are not knoma. Irrigation by surface naters is possible 
from the Farah Bud and Khash Rud rivers. 

Die Parah fiud has free irater resources during spring floodsf however, to use 
this water for irrigation of the B€acifa lands a reservoir, and a very long tunnel 
under the Siyakh-Band-Koh mountains would be required. This would be very expensive 
and not justified economically. 

The possibility exists of using the spring flood waters on the Khash Rad. 
With this in view, the engineer-geologist, when flying from Herat to Kandahar, 
located a potential dam site on the Khash Hud river. Prom aerial photographs and 
contour maps this site is located 38 air kilometres north-east of Dilaram, at 
approximately 32^22 • H and 63<>45' E. Oeologically, this dam site does not seem to 
be very complicated. The topographical conditions would appear to allow of a dam 
about 50-60 m. hi^Ji, forming a reservoir of 50-100 mill.m^ capacity. The site has 
not been examined on the ground. 

aioh is very strictly preliminary information on the problem. The prospects at 
present do not appear promising. To obtain more detailed information it is necessary 
to carry out a series of reconnaissance surveys and investigations, as was done in the 
Hari Hud and Parah Hud basins. Pedological, hydrologioal, geological and topographical 
surveys would be required on which it would be possible to find out; 

a) Land resources, according to the land classes; 

b) Water resources and their hydrologioal ch€U?acteristics; 

c) Suitability of the dam sites and reservoir basihs, in 
respect of geological and topographical conditions} 

d) Economic justification and effectiveness of irrigation 
development in the Bakwa valley. 

It should be noted that the Bakua valley is included in the Special Fund Ptoject 
for the study of hydro-geologioal conditions, now being undertaken. 
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SECTION VII - COHCLUSIOIS 



CHAPTBH 38 - IHRIQATION DBTBLOPMEHT IH TS& ggRVETBD BASINS 



!• SoovB of the Pjrojeot The areas covered by the Project lie irithin six river 
basins: Hari Rad^ Adraskand, Farah Hud, Upper Kabul, Ghazni-Nahar, and the Wazikhwa 
area (Katavaz)* In each basin investigations were nade of topography, geology, 
soils, and hydrology, on the basis of nhioh preliminary assessments were prepared 
of the potentialities of irrigation development* Schemes for suoh development were 
worked out for three of these basins, Hari Hud, Farah Bud, and Upper Kabul, as being 
those with the best prospects, and as having considerable resources of both land 
and water at present unused* 

2. Priority of Development It is reccHimended that the order of priority of 
irrigation development in the three basins should be as follows:- 

(i) Herat Valley On a total net area of 131,000 hectares, of 
which 76>000 hectares would be additional to the area now 
irrigated. The scheme would provide the possibility of 
hydro-electrical development to a total installed capacity 
of 85,500 Kw. in five stations. Four storage dams would 
ultimately be required. 

(ii) Upper Kabul On a total net area of 140,700 hectares, of 
which 44 f 800 hectares would be additional to the area now 
irrigated. Two storage dams would be required. No hydro-electric 
power could be economically developed. 

(iii) Ffiurah Hud On a total net area of 59,200 hectares, of whiph 
34>100 hectares would be additional to the area now irrigated. 
One storage dam would be required. The scheme would provide 
the possibility of hydro-electric development in one station 
with an installed capacity of 24fOOO Kw. 

It appears particularly desirable to prepare a detailed project for irrigation 
development in the Herat valley, with a view to beginning actual construction there 
in the near future. 

3. Considerations Affecting Irrimtion Development In Afgjianistan, where annual 
rainfall in many parts does not exceed 200 mm. and over many months of the year the 
climate is very dry, effective apiculture is impossible without irrigation. The 
regulation of the run-off of the rivers, the improvement and control of water supply 
to existing areas of irrigation, and the extension of irrigation to new areas will all 
contribute to the strengthening of the economy of the country. The adoption of 
improved techniques of cultivation will raise yields, and the introduction of new and 
more valuable crops will in addition provide raw materials for industries and fodder 
for a more productive livestock industry. This will result in a more flourishing 
agricultural industry and increased purchasing power, which in turn will make 
possible increased revenue for Government. 

4. Further Siarveys and Investigations Required For the preparation of definite 
projects in the valleys of Herat7 Upper Kabul, Mid Farah, a number of surveys and 
investigations will be required, with the following objectives:- 
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(a) To determine in all requisite detail the extent and location 
of the lands to he developed, the conditions of mter supply 
and the methods of watering! 

(h) To design and laj out the oanal and drainage systems 9 dams, 
and other works required, to ascertain the quantities of work 
involved, and to decide on the methods, organisation and 
priorities of constructions 

(c) To ascertain the quantities of power, plant and equipment, and 
materials required for the works proposed, and the most economic 
sources from which to obtain theses 

(d) To determine the costs of construction and of operation, and 
the costs and values of agriculttiral productions 

(e) To prepare economic appraisals of the developments proposed. 
To achieve these objects, the following surveys will be requireds- 

(i) Topographical Surveys with triangulation and precise levelling, 
and the preparation of olose-contoTured maps at 1 s 10,000 scale. 
These will be used for designing the layout of irriga- 
tion systems* 

(ii) Soil Surveys on a sufficiently detailed standard, to ascertain 
how much reclamation will be required, with studies of soil and 
water properties, vertical salt distribution etc. and maps on a scale 
1 s 25,000. 

(iii) Appraisals of geological t hydro-geological and engineering 
conditions . These will make it possible to plan rational systems 
of irrigation and of drainage, to permit leaching of saline lands. 

Hydrological Surveys , including the collection and processing of 
data of river flows and their variations within the year and in 
different years, and of the flows taken into existing irrigation 
canals. Data should also be collected of the salts and the 
sediment in irrigation waters. The flow characteristics of dry 
stream beds crossing or entering the irrigable areas should be 
ascertained. 

Technical Data of Construction and Operation axe necessary for 
the planning of development. They will include data on the 
availability of building materials, equipment, power, water, 
labour, and roads. 

Economic Data . To assess the economic justification of each scheme, 
its costs of construction and operation, and the gross and net value 
of its expected production are required, to enable its potentialities 
to be appraised, in relation to the economy of the region concerned, 
and of the country as a whole. 

5* Land and Water Economy and Use Water economy, in the proper sense of the 
expression, does not exist in the country at present, except within the sphere of 
the Helmand Valley Authority. Elsewhere there are separate and self-contained canals 
without intake control works, constructed by local people to suit local conditions. 



(Iv) 

(v) 
(vi) 
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At present, irhen the oountryU agrloxilture is beginning to be l)ased on a 
national plan providing for a rational development of all branohes of the eoonomy, 
it is essential to consider questions of specialisation in particular areas, according 
to their conditions. In particular, the groiring national textile and sugar industries 
irill require local supplies of raw materials. Where cotton and sugar beet can be 
grown on irrigated areas in place of grain crops, significant changes in water 
requirements will result. The planned use of water will have to become more indep- 
endent of the natural regime of the sources of supply, i.e. the rivers. 

In the extension of irrigated agriculture on new lands, the aim should be to 
establish larger farms, based on mechanization. The operation of agricult%iral 
machinery on tiny irrigated plots would be very difficult and quite uheoonomic. On 
the lands now irrigated, the whole system, from field plots to canals, should be 
replanned and reconstructed, to permit of mechanised cultivation, to reduce the work 
involved, and to ensure the more effective use of water. 

Planning, both for new development and for reconstruction, should provide for 
hifi^kier percentages of land imder crops, for improved conditions of reclamation, for 
protection from winds by tree belts, and for the planting of forest plots for timber, 
and orchards. 

6. Irrigation Systems and Works It is necessary to plan for combining the 
remodelled existing irrigated areas with the new areas to be developed, so as to 
create efficient systems of irrigation, suited to mechanised cultivation. To combine 
the separate irrigation channels in existing areas into proper systems with stable 
conditions at the intakes, it will be necessary to construct IcLrger main canals, or 
to enlarge existing canals, as may be most suitable in each case. This will result 
in fewer intake points, shorter main canals and non-irrigating reaches, and thus 
in diminished seepage losses and increased areas under crop. 

The development of irrigation systems and works may be achieved in three stages 
as followsi- 

(i) The establishment of main canals with controlled headworks 
on rivers, without weirst 

(ii) The addition of weirs or barrages across the rivers to raise 
the water levels at low stagest 

(iii) The regulation of run-off by storaige reservoirs. 

For the site of a canal headworks, a stable section of the river channel shoxxld 
be selected. To reduce the amounts of sediment taken into the canal, the intake work 
is usually sited on a concave curve of the bank. Where the river bed is irregular or 
the geological conditions are unfavotirable, special measures may be necessuy to 
ensure the safety of the headworks, e.g. by regulating structures in the river 
channel, such as a weir, or by protection on the bank. In stage (i), such works may 
be of a temporary nature, using local materials, including stone, timber, esLPthwood, 
or even brushwood: they will require regular maintenance or even reconstruction, 
after flood dsimage. In designing and constructing them, full use may be made of the 
local people's long experience, ingenuity and technical skill. 

Oie head regulators of main canals, built of masonry, concrete, or reinforced 
concrete, will be .fitted with gates and lifting gear, which will make it possible to 
increase considerably the discharge capacities of the canals, without difficulties 
arising from uncontrolled inflows, as at present. 
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To r^duoe seepage losses from oanals, they should vhere possible be located in 
soils of low permeability; sealing should be done by the deposit of fine silt; 
vhere required, oanals oan be lined with masonry, concrete , or reinforced concrete. 
Lining or protection may also be required to guard agaitist erosion by excessoTS 
velocities of flov, or, vhere slopes are very steep, drop-falls or chutes may be 
required, and these may provide sites for hydro-eleotric power stations. 

Obe reconstruction of irrigation systems should not be limited to the headvorks 
and the main canals* It should also extend to the distributary systems, field 
channels, and plots. These, developed piecemeal in the present conditions of land 
oimership and use, are quite unsuitable for modem methods of irrigation, and in 
particular for mechanised agriculture. They will all have to be replanned and 
reconstructed, including all necessary levelling of land. The present inferior 
method of irrigation by flooding shotild be replaced wherever possible by some better 
method such as furrow irrigation, pwticularly for arable crops. Drainage systems 
should be provided, to prevent waterlogging and salinization of lands, and where 
these have already occurred to make possible reclamation by leaching, resulting in 
increased yields of crops and extension of irrigated areas. Complete reconstruction 
will take many years; the smaller tasks oan be tackled first, and the laxg^x tasks 
later, as materials and equipment become available, and as more qualified engineers, 
agronomists, and other technicians are trained. Solution of these problems will 
involve consideration of the system of land-tenure. 

?• Other Measures 

(i) Underground Water Supplies . Further hydro-geological investigations 
are very desirable, and have already been arranged for in certain 
areas under the new Special Fund Oroundwater Project (see Chapter 2 
Section 13) In some areas, at present waterless, it is not impossible 
that artesian supplies of water may be found, or at least sub-€U?tesian 
supplies, which can be made available by lift, using wind or mechanical 
power. Such supplies may help in providing water and additional fodder 
in pastoral areas. 

(ii) Local Storage of Sorfaoe Water . Even in areas of relatively low 
rainfall, much can be done by simple measures to catch and store 
rainfall i^en it occurs in small reservoirs. By the extension of 
interceptor channels, and by forming such reservoirs with consider- 
able depths and steep sides, storage can be improved and evaporation 
losses reduced. 

(iii) Mechanisation . In executing the necessary works, both of construction 
and maintenance, large and small, the use of mechanical equipment 

and plant will greatly help to speed up the work and increase its 
efficiency, and in many cases to reduce its cost. 

(iv) Animal Husbandry . As already mentioned, improved land and water use 
will contribute to the development of better animal husbandry by the 
provision of assured supplies of fodder and water. ^ 

8. Recommendations on the Management of Land and Water Use In the light of the 
considerations set out in the previous paragraphs of this chapter, it is evident 
thatt^ 

(a) The further development of agriculture, the core of Af^anistan's 
economy, is possible only by irrigations 
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{\>) The inorease of the areas under irrigation will, in general, 

he limited hy the aaounts of nater that oan be m€ule available , 
rather than by the extent of lands idiioh are, or oan be made, 
suitable t 

(0) In Tiev of this, the oontrol and regulation of river flovs by 
storage in reservoirs should be undertaken so far as eoonomio- 
ally justifiable! 

(d) At the same time, it is essential to ensure that the amounts 
of water made available are alirays used to the best possible 
advantage* In most of the existing irrigated areas this oan 
only be aohieved by reoonstruotion and remodelling, with 
coordinated oontrol of water supplies and use: 

(e) Every year more and more hydraulic works and structures and 
oanal systems, large and small, will continue to come into 
operation in different parts of the country. 

The proper upkeep and unfailing and effective operation of the increasing 
number of state-owned schemes of irrigation can only be satisfactorily ensured by 
the establishment of a single Qovemment organization which can deal with the varied 
problems involved. It is suggested therefore that there should be set up, in close 
connection with the Ministry of Agriculture, an Authority or Department of Land and 
Water Use, with wide terms of reference. The problems involved in this, and the 
recommendations made, are discussed in Appendix No.II**Management of Land and Water 
Use**. Here it will suffice to summarise the main points to be considered as 
followss- 

(1) Terms of Reference . These may includes 

1 . The survey, study, registration and inventory of land 
and water resources, in individual schemes, existing 
and potentials 

2. All technical aspects of soil surveys, irrigation 
agronomy, water distribution and field application, 
drainage, and land reclamation, etc., as well as river 
control, the regulation of reservoirs, and the measure- 
ment of water flows and usages 

3* The operation and maintenance of canal and drainage 
systems, regulators, dams, pumping stations, buildings, 
communications, and all other works necessary to irriga- 
tion, drainage, and river controls 

4* Hules and Regulations relating to all these matters. 

(ii) Organisation. It is proposed that this Authority or Department 
should include an adequate staff of specialists in the various 
branches of its work, but particularly in irrigation and drainage 
practice and hydraulic engineering, posted as requisite both at 
headquarters in Kabul and in provincial centres where irrigation 
development exists and will expand. It appears essential that 
the Authority should be both ejqpert, in order to €uivise, and 
executive, in order to carry out development and to supervise 
the application of rules and regulations. 
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Th^ orMtlon and ••taUlataaexit of moh an Authorltji and Its relationship to 
other authorities and departments vithin the administratlTe framevork of OoTemment^ 
involve questions of polioj vhioh are outside the soope of this Report, and therefore 
are not further disoussed here. 1!he importanoe of this vhole matter is however most 
strongly emphasized. It is of little advantage to oonstruot even the best designed 
works and systems of irrigation if they are not operated and maintained with hi^ 
effioienoy. 
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APPETOIX 1 

AMENDED PLAU OF OPERATION 
UNITED NATIOITS SPECIAL FDND PROJECT IN AFGHANI STAN 
SURVEY OF LAND AND WATER RESOURCE S 



Special Fund Allooation 

(including) t (a) Special Fund Contribution 

(including Agency overhead 
costs) US$ 716,940 

(b) Government's payment towards 

local operating costs USS 82,610 



uss 799,550 



Government Coxmterpart Contribution 

(a) in kind 



(b) in cash 



Afghanis 11,883,833 
Bquiv. USt 247,580 

us$ 21,117 



Duration: 



Executing Agency : 



Cooperating Government Agency : 



years 



The Food wd Agriculture 
Organization of the U*N. 

Water and Soil Survey Authority 
Royal Government of Afghstnistan 



For the purpose of the Survey of Land and Water Resources, to be undertaken 
by the Food and Agriculture Organization of the United Nations, acting as Executing 
Agency for the Special Fund, this Plan of Operation supersedes the Plan of Operation 
and its amendments signed on 29 June I96O providing for the (i) Survey of Land 
and Water Resources and (ii) establishment of an Agricultural Station. This 
amended Plan of Operation concerns exclusively the Survey of Land and Water Res- 
ources and liquidates the Agricultural Station peuct of the project included in 
the Plan of Operation effective since I5 August I96O and shall be the Plan of 
Operation provided for in Article I, paragraph 2 of the Agreement signed on 21 
February I96O by the Government of Afghanistan and the United Nations Special Fund. 

This Plan of Operation covers exclusively expenditure relating to the Survey 
of Land and Water Resources. Eacpenditures from the Special Fund Allocation already 
incurred for the Agricult\iral Station part of the project as described in the 
Plan of Operation signed on 29 Jxaie I96O will be absorbed by the Special Fund 
by mutual agreement between the Food and Agriculture Organization and the 
Special Fund. 
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1. PPEPOSB AND DESCRIPTIOH OF THE PRQJTBC'P 



A. Purpose of the Project 

1. To provide inforaation on the oo»paretive land and water potentials of the 
river basins including Parah Rud, Adraskand (fiarut), Ghasni (including Katavas) 
Kabul river (including Panjsher, Ohorband, .Shakardara and other tributaries of 
Kabul river up to gorge of Sarobi) and Logar river with the view to stimulate 
agricultural and general economic development. 

B. The Project 

2. The project will coi^rise a land and water resources survey which will include 
the river basins nued above. The survey will provide ultimately a land and 
water resouroes inventory obtained throught 

(i) Study and survey of the important existing irrigation canals and 

systMSy in relati<m to present land and water use, and with a view 
to future improvements. 

(ii) Plow measurMmts on rivers and existing canals for the assessment 
of their development potential. Study of climate and meteorology. 

i) Survey of possible storage sites on the rivers mentioned above, 

with a view to improving their water potential, including the necessary 
topography, geology, and water management planning. 

(iv) Reconnaissance soil survey and land classification in the river 

basins mentioned, with special emphasis on irrigation farming, and 
within the commanded areas as defined by topographic surveys. 

(v) A land use study in each basin, based on the above stated investigations 
and surveys. 

3* The survey will also include t 

(i) Training the counterparts in all aspects of the project. 

carried out by other agencies will be takm into consideration 
in the making of the program, and their results will be made use of 
in the Project Report. 

(iii) Such aerial photography, photomosaics, and contour maps, as are 

available to the team from the Ministry of Nines, or Cartographic 
Institute, or other sources will be used in the work of the survey. 

4. A team of I5 ejqperts is required to carry out these various aspects of the 
land and water resources survey. They will work with the Afghan counterparts. 
Who will be engineers, soils technicians, and agronomists and who, after the Special 

llliltl will continue and expand the survey. In particular they 

will operate the hydrological stations which have been established with equipment 
supplied by the U.H. Special Fund. The findings of the water and soil surveys 
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will be presented in the form of a preliminary deTelopment plan, and this vill 
include 

(i) Class if ioat ion of the soils in the selected river basins with 
special reference to their suitability for irrigation farmingf 
in the areas commanded by the rivers* 

(ii) An appraisal of the water potential of each river basin surveyed. 

(iii) A general description of the present land use pattern, and tentative 
proposals for future land use, in the areas where irrigation is 
considered to be probable, after the full water potential of the 
rivers has been made available* 

(iv) A general assessment of the power potential of the rivers, taking 

into acco\int the proposed pattern of release of water for irrigation 
should form part of the water management p2.€tn« 

(v) Proposals for the improvement of the existing irrigation systems. 

(vi) A tentative plan for water-management on river basin scale taking 
into consideration the possibility of storage of flood water. 



II. WOHK PLAN 

A. Participation and Contribution of the U.K. Special Fund 
5. The Special Fund will provide the following throiigh the Executing Agency: 
(a) Personnel Services 



1 Water Development Engineer (Project Manager) 37 months 

1 Senior Engineer I9 ti 

1 Hydrologist 39 m 

1 Hydrometrist 4I " 

2 Survey Engineers 61 " 

1 Engineering Geologist 29 *^ 

2 Soil Surve;^ors 56 
2 Soil Chemists 40 
1 Leind Use Plcuming Expert 7 
1 Bydraulic Engineer 12 
1 Irrigation Survey Engineer 12 
Short-term consultants 4 

1 Administrative Officer 18 " 



373 months 
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("b) Fellowships 

2 in water development engineer ing/irrigat ion engineering 2 years 

2 in hydrology 2 

2 in soil survey and soil chemistry 2 " 



6 yecu^s 

Fellowships awarded under this Plan of Operation shall be administered in accord- 
ance with the fellowship regulations of the Executing Agency* The duration of 
each fellowship may be changed provided the total of six fellowship-years is not 
exceeded* 

(c) Equipment and Supplies 

(i) Topographic equipment such as levels, theodolites, altimeters, 
plane tables, telemeters, st erect ope, staves, chains, etc* 

(ii) Hydrometric devices such as current meters, cables, trolleys, limnigraphs* 

(iii) Soil laboratory and field equipment such as conductivity bridge, pH meter 
flame photometer, and other items of equipment including chemicals* 

(iv) Canrp equipment (camp beds, tables, chairs, tents, etc*) 

(v) Jeep type vehicles, trucks, station wagons, 
(vi) Equipment and material for preparation and printing of maps and reports* 
(vii) Sundry purchases* 
(viii) Drilling rigs* 
The total cost of equipment should not exceed US$ 141,200* 

(d) Miscellaneous 

Miscellaneous expenses including the cost of one vehicle for the transportation 
of personnel and secretarial assistance, contingencies, postal and cable charms for 
a total of US$ 19,000* 

B* Participation and Contribution of the Government 
6« (a) Personnel 

1 Co-Manager, Hydi^aulic Engineer 

10 Civil Engineers, Technicians or Sxirveyors 
6 Soils Technicians 

2 Agricultural Engineers or Agronomists 
4 Draftsmen or Photographers 

2 Construction Foremen 

18 Drivers 

2 Vehicle Mechanics 
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1 Administrative Assistant 

1 Stores Manager 

1 Accoxints Clerk 

1 Correspondence Clerk/Typist 

Other administrative personnel and accounts personnel as needed. Labours avercige 
of 30 men employed on survey plus construction of gauges* 

(b) Equipment and Supplies 

(i) Aerial photographs and maps 
(ii) Fuel and lubricants for the vehicles supplied by the Executing Agency 
(iii) Construction of river gauging stations, and meteorological stations 
(iv) Miscellweous small supplies 
(v) Two vehicles for local transport of counterpart staff, together with 
the fuel and lubricants for the same 

(c) Services 

(i) Supply of insurable small aircraft for reconnaissance flights, 
(ii) Soils laboratory facilities and installation as required for soil and 
water analyses connected with the soil survey and hydrology* 
(iii) Offices for international and Afghan personnel and storage space for 
equipment. 

(iv) Field accommodation for Afghan personnel and labour, including locally 
available camp equipment, 
(v) Repair and maintenance of vehicles supplied by the U.N. Special Fund. 

(d) Miscellaneous and Contingencies 

?• Cost of Freight and Equipment 

The Government will meet the freight costs including clearance charges of 
all equipment supplied by the Executing Agency, from the point of entry into the 
country to the project area. These costs will include those of transport, insur- 
ance, hsuidling and storsige within the country, and other related expenses. In 
the special case of the equipment for the soils laboratory, the Executing Agency 
will deliver this at Frankfurt, and the Qovemment will pay all further costs 
of transport by the Ariana air line ft*om Frankfurt to Kabul. 

8. Local Operating Costs 

In accordance with Article V, paragraph 1 (a) to (d) of the Agreement referred 
to in the preamble to this Plan of Operation, excepting the cost within 
the country for the transportation of project supplies and equipment which is 
a counterpart contribution, the Government shall pay to the Special Fund in local 
currency the equivalent of US$ 82,610, towards local operating costs. This amount 
represents 13 per cent of the total estimated cost to the Special Fund of foreign 
project personnel. Payments towards this amount have been deposited, or are 
due to be deposited, by the Government in local currency to the credit of the 
Special Fund account No. 9539 with Pashtany Tejaraty Bank in Kabul, as follows: 

Equivalent of US$ 18,577 deposited on 14 Atigust I96O 
Equivalent of US$ 36,871 deposited on 22 February I96I 
Equivalent of US$ 21,691 deposited on 26 March 1962 
Equivalent of US$ 5>471 to be deposited on 1 January I964. 
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Pursuant to the provisions of the Explanatory Note to Amendment I (Rev. l) 
to the Plan of Operation signed on 29 June, I960, now superseded as provided in 
the preajnhle to this Amended Plan of Operation, the rate of exohange used as the 
basis of calculation of the above first three equivalent amoimts, has been a rate 
fixed by the United Nations Controller in consultation and agreement with the 
exchange control authorities of the Government of Afghanistan. Similar proce- 
dure shall be followed in calculating the local currency equivalent of the 
fourth payment* 

9* Government Contribution in Cash 

(i) The cost of spare parts for the maintenance of vehicles, occasional 

hire of additional vehicles where necessary, and expenses for miscell- 
aneous and contingencies, will be met by the Government in cash. 

(ii) The dates and amounts of payments towards the Government Cash 
Contribution are as follows: 



C. Sequence of Operations 

10. The Executing Agency will commence operation of the Project upon written 
authorization to do so from the Managing Director of the Special Fund. 

11. Immediately after the signature of the Plan of Operation by the Government, 
the Executing Agency, and the Special Fund, the Executing Agency shall undertake 
recruitment of the experts. At the same time the Government shall appoint the 
Co-Manager, acceptable to the Executing Agency. 

12. Upon the arrival of the Project Manager, the Government shall supply to 
him aerial photographs and photo mosaics covering, the areas where the resources 
survey will first be carried out. 

13» A general pl€Ui of survey operations shall be drawn up by the Project Manager 
of the survey, in consultation with the Co-Manager and the project committee, 
not later than six weeks after the arrival of the Project Manager in the country 
or the appointment of the Co-Manager, whichever is the later. For this purpose 
the Project Manager, the team members concerned, and the Co-Mimager, should iindertake 
reconnaissance flights over the river basins selected for the survey. The general 
plan should include a list of the river basins to be included in the survey, the 
sequence in which the different areas should be surveyed, and a general description 
of the operations. Not later than two months after the submission of this general 
plan, a more detailed plan of work should be submitted, covering the first year 
of operation. In this plan, staffing, equipment, transport and labour requirements 
should be given for each of the six groups. (Hydrology, topography, soils, geology 
irrigation and land use). The requirements should be given in sufficient detail 
to ensure the timely supply of materials and equipment, transport and lodging. 



14 August I960 
22 February I96I 



323,500 Afghanis 
323,500 Afghanis 
183,317 Afghanis 
183,317 Afghanis 



26 March I962 
21 March I963 



1,013,634 Afghanis 
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14* Similar detailed plans should be drann up not later than tvo months before 
the end of eaoh year, for the coming year* 

13 • In working out the detailed plans due oonsideration shall be paid to 
olimatio conditions in the various rirer basins* 

16* The local authorities shall be kept informed about the movements of the 
teamsi and their requirements in accommodation, guides, horses, and local materials* 

17* The Project Manager in consultation with the Co-Manager should prepare 
at the earliest possible date a detailed list of equipment, materials, etc* req- 
uired for the project* The list of foreign equipment, materials, to be supplied 
hj the Executing Agency shall be sent to the Executing Agency which shall proceed 
immediately with the placing of orders* 

18* The Project Manager and the Co-Manager shall proceed jointly with the 
selection of counterpart personnel and of administrative personnel, as provided 
in this Plw of Operation* 



D* Organization 

19* Overall responsibility for the organization and execution of the project 
rests with the Executing Agency, who will plan and direct operations through the 
Project Mauiager (a water development engineer) who will be selected sind appointed 
by the Executing Agency in consultation with the Government* 

20* The Government will appoint a Co-Manager acceptable to the Executing Agency* 
He will be a hydraulic engineer and will cooperate with the Project Manager towards 
a successful performance of the project* He will select and appoint the counter- 
part personnel, in consultation with the Project Manager, and administer them in 
respect of pay amd service conditions* Through him the Afghaui staff will receive 
their general directives regarding their work* He will give advice and assistance 
to the Project Manager on matters of local conditions and procedures* He will 
facilitate contacts with Government agencies, €Uid arrange for the release to the 
Project Manager and teatm members of information held by such agencies* 

21* As it is envisaged that on completion of the project the Co-Manager will 
be entmisted by the Government with the continuation of the soil and water resources 
survey, the Co-Manager shall have the right to study all aspects of the work, 
about all of which the Project Manager shall keep him informed, and he may bring 
to the notice of the Project Mstnager any iotprovements which the Co-Manager wishes 
to suggest* He shall have access to the technical reports, and to copies of 
the financial reports provided by the Executing Agency to the Government* The 
Co-M€tnager will be the main channel by which the Government will be kept informed 
of the progress of the survey, with the Project MsLnetger and the experts also having 
direct access to the Government agencies concerned* 

22* A Project Committee will be formed, composed of the following persons s 

Chairman t - The Minister of Agriculture or Deputy Minister 

- A representative of the Ministry of Planning 

- The Director-General of the Geological Survey 

- The Director-General of the Bureau of Soils and Irrigation 
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- The Chief of Hydrology in the Ministry of Mines 

- A representative of the Department of Topography and Aerial Photo- 

graphy. Ministry of Mines 

- The Project Manager (ex officio) 

Secretary! The Project Manager (ex officio) 

The Committee will meet as necessary, normally once every two months, being 
convened by the Chairman at the request of the Project Manager or Co-Msinager. 
The primary work of the committee is to coordinate the work of the survey with 
that of other agencies, to which end it will discuss the work in progress, arrange 
for the exchange of information relating to work already done by all agencies, 
and acquaint the members with projects which are in preparation* 

23 • Under the general supervision of the Executing Agency and in consultation 
with the Co-Manager, the Project Manager will be responsible for the detailed 
planning, administration, and execution of the project, including the timing and 
budgeting of the various elements, the preparation of technical reports, and 
the organization and supervision of related training programs. The Project Manager 
will also be responsible for the coordination of the work of the various experts 
and groups of experts* 

24* At times when one or. all teams are withdrawn to Kabul for the writing of 
reports and the plotting of their work, and when in consequence the Afghan staff 
may not be fully employed, then such staff may at the request of the Government 
cooperating agency be directed by the Project Manager to any minor surveys or 
operations, usually lasting for one week or less, which are not covered by 
this Plan of Operation. Equipment, including vehicles, may be assigned to these 
minor operations provided that it is not needed for the other work of the 
survey* 

25* Custody ^d Operation of Project Equipment 

The project equipment will be allocated to the various experts ana to coxinter- 
parts by the Project Manager, and he will decide on its utilization. In cases 
where the equipment (other than vehicles which are covered by paragraph 26) is 
allocated to Government personnel, the Government undertakes to be responsible 
to the Executing Agency for its proper care and utilization* In respect of 
all equipment for which the Executing Agency has paid, the storekeeping 
facilities, and system of bookkeeping, shall be to the approval of the Project 
Manager* 

26* Operation of Vehicles 

(a) The drivers and mechanics for the vehicles of the Executing 
Agency will be appointed by the Government, and administered by the 
Co-Manager in respect of pay and working conditions. The Project 
Manager may require the replacement of any whom he considers unsuitable. 

(b) The movements of vehicles in the field will be directed by the expert 
in charge of xhe party. 
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(c) 'Hhe issue of petrol and oil will be made by the Government. 
The expert in charge of the field party, or his counterpart, 
if authorized by the aperts, will keep a log book. of petrol 
consumption, and he is empowered to certify a rate of petrol 
consumption in excess of normal, when such an increase has been 
caused by severe working conditions* 

(d) The Government will perform and pay for the repairs and maintenance 
of vehicles, but the Executing Agency will control the supply of 
epare parts and will pay the cost of these from the Government cash 
contribution, when local pvirchase is possible. The Executing 
Agency will supply and pay for the e<iuipment of a workshop in Kabul 
or elsewhere, adequate to perform normal running repairs and 
maintenance up to a limit of US$ 1,500, 



27» System of Local i<lxpenditure 

The Government contribution in kind will be under the control of the 
Co-Manager on behalf of the Government Cooperating Agency. Annual budgets 
shall be prepared by the Co-Meuiager in consultation with the Project Manager 
in which the different items shall be in accordance with the approved pl€Ui; 
of expenditure set out in Appendix 2 (Government contribution in kind). 
A copy of the budgets shall be given to the Project Manager for his information. 

28. Solution of Minor Unforeseen Contingencies 

In cases where the supply of labour, local material, and other items 
under the list of Government services and contribution, is not sufficient 
for the desired progress of work in the opinion of the Project Manager or 
his authorized representative, then the Project Manager, or an expert acting 
for him, is empowered to remedy the situation as he sees necessary. He 
will do this by making payments froai the Government contribution in cash as 
indicated in paragraph 9. The total expenditure made in this manner shall 
not exceed Afghanis 80,000 unless an increase is agreed upon by the two 
Agencies in an exchajige of letters. 

29. Air travel for all Afghan personnel is authorized on the Ariana air 
line in the interests of the work. The payment for tickets shall be made 
by the Government from its contribution in kind. 

Ill* BUDGET 

30. In addition to the services and facilities described in paragraphs 6 
and 7 above, which shall be provided in kind to the project by the Government, 

and estimated to cost a total of Afghani 11,883,833, the equivalent of US$ 247,580, 

as detailed in Appendix 2, and services and facilities described in paragraphs 

6 (oXv)> and (d) above, which shall be provided in cash to the project by 

the Government, and estimated to cost a total of Afghani 1,013,634, the equivalent 

of USS 21,117, as detailed in Appendix III, the estimated total Special Fund 

cash project budget amounting to the equivalent of US$ 789,550, will consist 

of the following: 



I 
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(a) The gross oost of expert services, fellowships, equipment and miscellaneous 
expenses, described in paragraphs 5 (a) to (d) above, to be met from the 
Special Fund allocation and amoiznting to an estimated total equivalent of 
US$ 737>950, which includes an amount estimated at the equivalent of US 

S 8P-610. representing cash payments in local currency to be made by the 
Government to the Special Fiand for local operating costs described in 
paragraph 8 above. 

(b) The overhead costs of the Executing Agency, US$ 51,600 to be met from the 
Special Fund allocation. 



lY. REPORTS 

31. Government and Executing Agency will exchange financial and progress 
reports. The form, content and frequency of these reports will be agreed upon 
in an exchange of letters between the Government and the Executing Agency, 

32. The Government and the Executing Agency jointly shall submit to the Special 
Fund at the end of each calendar year a certified inventory of equipment 
purchased with the funds allocated by the Special Fund. 

V. CONCLUSIOyS 

33. Upon completion of the project, a report will be submitted by the Government 
to the Special Fund, on the benefits derived from the project, and the activities 
planned by the Government to follow up the project, leading to the general develop- 
ment of Af^anistan. 

34* At the successful conclusion of the project, the Government, the Executing 
Agency and the Special Fund will consult with a view to transferring the title 
of equipment from the Special Fund in whose name it is held by the Executing 
Agency, to the Government or an agency nominated by the Government. 

33. Agreed on behalf of the parties, by the undersignedi 



For the Government of Afg^hanistan 
Mir M. Akbar Raza 



President Water and Soil Survey Resident Representative and Director 

Authority of Special Fund Programmes 



Date: 19 June, I963 Date; 19 June, I963 



For the Food and Agriculture Organization 

of the United Nations 



S.K. Dey 



Acting Representative 
Food and Agriculture Organization 

Date: 19 June, I963 



For the United Nations Special Fund 
Sixten Heppling 
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APPENDIX 1 

UNITED NATIONS SPECIAL FUND - AFGHANISTAN: LAND AND WATER RESOURCES SURVEY 

Revised Plan of Expenditure 
United Nations Special Fund Allocation 



Period Total Estimated Cash Disbursements 
Man- Project • 





Mos. 


Costs 
$ 


I960 
$ 


I96I 
$ 


1962 
1 


1963 
S 


1964 
$ 


Personal Serrloes 
















Water Development Engineer 37 


62,450 


5,550 


19,600 


12,200 


18,100 


7,000 


(Project Manager) 








17,928 








Senior Engineer 


19 


30,000 




12,072 






Hydrologist 


39 


57,200 


4,500 


14,378 


17,900 


15,400 


5,022 


Hydrometrist 


41 


50,900 


3,000 


12,200 


16,600 


14,100 


5,000 


Survey Engineers (2) 


61 


96,600 


7,000 


-27,300 


34, 600 


27,700 




Engineering Oeologist 


29 


49,600 


6,000 


17,500 


18,300 


7,800 




Soil Surveyors (2) 


56 


79,600 


2,000 


25 , 200 


36,200 


16,200 




Soil Chemists (2) 


40 


51,000 




5,400 


21,100 


24,500 




Land Use Planner 


7 


13,000 








13,000 




Hydraulic Engineer 


12 


22,700 






1.500 


21,200 




Irrigation Survey Engineer 12 


22 , 700 






5,000 


17,700 




Administrative Officer 


18 


18,000 






4,500 


10,000 


3,500 


Short term consultants 


4 


7,000 








7,000 






375 560,750 


28,050 


139,506 


179,972 


192,700 


20,522 



Fellowships 

Water Development Engineer- 
ing Irrigation Engineer (2)24 ) 

Hydrology (2) 24 )27,000 - - - 21,000 6,000 

Soil Survey and Soil ) 

Chemistry (2) 24 ) , 

72 27,000 - - - 21,000 6,000 



Equipment and Supplies 

Topographic and hydrometric 

equipment 
Soil laboratory and field 

equipment 
Camp equipment 
Vehicles (including spares 

and small workshop) 
Preparation of reports and 

maps 
Drilling rigs 



26,000 ) 

21,000 
10,500 

60,700 

8,000 
15 t 000 



19,900 59,608 44,500 17,192 



141,200 19,900 59,608 44,500 17,192 
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APPENDIX 1 (Cont.) 



Period Total 



fistinated Cash Disbursements 



MisoellsmeouB 


Nos* Costs 
1 


I960 
1 


1961 
S 


1962 
1 


1963 
1 


1964 
1 


Post and cable oharges 
Seoretarial and olerioal 

tanoe 
Contingenoies 


2^000 

assis- 

10,000 
7,000 


300 
250 


400 

350 
690 


500 

3,500 
1,000 


600 

4,100 
2,000 


200 

1,800 
3,310 




19,000 


550 


1,440 


5,000 


6,700 


5,310 


Total Gross Project Cost 


747,950 48,500 


200,554 


229,472 


237,592 


31,832 


Executing Aiarenoy Cost 


51,600 14,000 


12,500 


12,500 


12,600 





Special Fund Allocation 1/ 799>550 62,500 213,054 241,972 250,192 31,832 

1/ The Special Fund Allocation includes the equivalent cunount of USS 82,610 to be 

paid by the Government towards local operating costs of the project. This amount 
is payable by the Government in local currency, in instalments as shonn in Section 
III of the signed Plan of Operation, and has been calculated on the basis of a rate 
established in the manner prescribed in paragraph 8. 
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APPENDIX 2 

UNITED NATIOHS SPECIAL FUND - AFGHANISTAN; LAND AND WATER RESOURCES SURVEY 

Revised Plan of Esqpenditiure 
Government's Coiuiterpart Contrilnition in Kind and Estimated Cost 
(Government's financial year starts on 21 March €uid ends on 20 Maroh) 



Period 
Han 
Mos* 
Afgs. 



1. Professional Staff 



1 


Co-Manager (Hydraulio Engineer) 


42 


10 


Civil Engineers or teohnioifiuis 






and surveyors 


420 


6 


Technic iws 


252 


2 


Agricultural engineers or 






agronomists 


2. 


Clerical Drafting? and Laboratory Non- 






Professional Staff and Labourers 




4 


Draftsmen or photographers 


168 


2 


Construction Foremen 


84 


18 


Drivers 


756 


2 


Vehicle Mechanics 


84 


1 


Administrative Assistant 


42 


1 


Stores Manaiger 


42 


1 


Accounts Clerk 


42 


1 


Correspondence Clerk/Typist 


42 



Other admin, personnel and accounts 
personnel as needed. Labour: average 
of 30 men employed on survey + const- 
ruction of gauges 

1,260 

3» Allowances inc. subsistence travel 
within the country 



Total Estimated Cash Disbursements - Afgs. 
Cost for financial yeatrs 

1960/61 1961/62 1962/63 1963/64 



Salaries, 
Bonuses etc. 



4,615,507 645,000 1,070,507 1,400,000 1,500,000 



1,540,540 170,000 370,540 500,000 500,000 



6,156,047 815,000 1,441,047 1,900,000 2,000,000 



4* Equipment and Supplies 

Aerial photographs stnd maps 

Fuel €tnd lubricants for the vehicles 

supplied by the Executing Agency 
Construction of river gatiging stations 

and meteorological stations 4i795>770 700,145 1,175>625 1,460,000 1,460,000 

Miscellaneous small supplies 
Two vehicles for locsd transport of 

cotinterpart staff, together with the 

fuel and lubricants for same 
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APPENDIX 2 (Cont>) 



Misoellaneous 
Supply of insurable small aircraft for 

reoonnaissancs flights 
Soil la'boratory installation and facilites 
Offioe acoommodation for international and 

Afghan personnel including rent, office 

furniture y stationery, etc. 
Transportation of material and storage 

expenses 

Repair of vehicles and equipment excluding 

spare parts 
Total estimated cost of counterpart 



Period Total Estimated Cash Disbursements in Afghanis 
Man Cost 
Mos* 
Afgs* 



for financial years 
1960/61 1961/62 1962/63 



1963/64 



932,016 180,000 235,100 256,916 260,000 



contribution in kind expressed in Afghanis til, 883, 833 3,695>145 2,851,772 3,616,916 3,720,000 
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APPEWDIX i 

UHITED NATIONS SPBCIAL FUND - AFOHANISTANt LAND AND WAx'ER RESOURCES SURVEY 

Revised Plan of EiD»nditur6 

Qovemment ' B Counterpart Contribution in Cash 

Eetiaated Cash Dieburaeiients 
l^otal eacpreeeed in Afgtonis 

I96076I 1961/62 1962/63 I963/64 

1. Repair of vehioles supplied ----------------------- 

by UNSF, espeoially spare 

paxts for the same 

2. Hiring of occasional vehicles 1,013,634 647,000 3-3 183,317 183,317 
for transportation of personnel, 

labour and goods 

3« Miscellaneous and Contingencies 
Total Government Cash 

Contribution expressed in Afghanis 1,013,634 647,000 3-3 183,317 183,317 
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UNITED NATIpyS SPBCUL FOND - AFGHANISTAN: LAND AND WATER RESOURCES SURVEY 

Revised Total Government Contribution 



Equivalent in US$ 



Counterpart contribution in kind 
(Appendix 2) 

Payment in cash for local 

operating costs l/ 
(Appendix 1 - see footnote) 

Counterpart Contribution in cash 
(Appendix 3) 





1960/61 


1961/62 


1962/63 


1963 


1964 


247,580 


20,180 


59,695 


71,367 


76,963 


19,375 


82,610 


18,577 


36,871 


21,691 




5,471 


21,117 


6,740 


6,739 


3,819 


3,819 





TOTAL GOVERNMENT CONTRIBUTION: 351,30? 45,497 103,305 96,877 80,782 24,846 



1/ These amounts, payable in local currency, have been calculated on the basis of a 
rate established in the mfiuiner prescribed in paragraph 8. 



180 



▲PPEHIEX II 



MiLMaBMarT of laid ato hbbr use 



!• Otoneral ConsidTatlong Tli% oorm of Afghanistan's soonomy is its agrioulturs 
and lirsstook indostrj vhioh employs over of all ths abls-bodisd population and 
produoss 80^ of the gross national prodaot* The share of the produoe of these 
aotiTities in the oountrj*s exports exoeeds 95^« 

Oeographioally the ooiintrj, distinguished for its dry oliaate, with hig)i 
temperatures and very limited rainfall 9 is oharaoterized by an arid sons with a 
preTailing defioienoy of moisture, fhat is vhy produotive agriculture is hardly 
possible here without irrigation^ and in faot, over 30^ of the total lands under 
crops y about 4 million heotares, are on a orop-f allow rotation. Further develop- 
ment of agriculture is possible only on the basis of irrigation development • 
nie extension of the irrigated area will involve the oonstruotion of dams and 
reservoirs! in other words the country will have to set up major hydraulic structures 
for the regulation of river flows, and will need qualified management of its 
water resources. 

With the growth of the national industries, there will be a constant increase 
in the level of mechanisation in agriculture and irrigation. Hew state-owned and 
other farms (possibly of a new type) will use irrigation to meet the new requirements 
of planned organization of work and the technology of mechanized agricultural 
production. For the same reason, the reoonstruotion and reorganization of all the 
existing irrigated areas will gradually be carried out. In this process, the 
available reserves of free lands and water resources will be used to expand the 
irrigated areas. Lands already irrigated will be augmented througji minor construction, 
carried out with local facilities. 

nxe Government of Afglianistan attaches great importance to the development of 
agriculture and especially of irrigated farming. An indication of this is given by 
the allocations for €kgriculture in the First Five-Tear plan. Out of the total of 
Afs. 9216 million, agricultural development was allocated Afs. 2798 million (over 30^). 
Out of this appropriation, Afs. 2540 million was earmarked for irrigation alone, 
or 90^ of the entire agricultural budget. Every year, the Qovernment increases capital 
investments in the development of irrigation, and more and more hydraulic structures, 
large and small, are being constructed for the purposes of reclamation. 

2. Organisation Required This complex of canals, hydraulic installations and 
supplementary structures, in a number of state-owned systems, requiring constant 
protection, proper upkeep, and unfailing operation, will need a common centre to 
manage the water economy of the country. It is now very necessary to establish 
such a body, which could, on the Oovemment*s behalf, deal with all the problems 
involved. The control and use of water for irrigation is closely linked with 
the control and use of the lands on which it is to be applied* 
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In order to coordinate and most effectively the problems of management of land 
and water use under irrigation, it is suggested that one authority, best connected 
closely with the Ministry of Agriculture, be responsible for the irtiole of this field, 
with wide terms of reference. This should be organised to include specialists in all 
branches necessary, including soils, irrigation agronomy, and, particularly, hydraulic 
engineering, both at headgtuarters in Kabul and in the provincial centres where 
irrigated agric\ature is practiced and will develop. 

3- Terms of Reference It appears desirable that the Authority- of Land and Water 
Use should be concerned with the following range of problemss*- 

(1) Relationships between the Authority and other units of the 
Ministry of Agriculture and other sections of Government; 

(2) The Authority's organization and personnel! 

(3) Terms of reference of the Authority's i^nits; 

(4) Structure and personnel of the Authority's local offices; 

(5) Terms of reference of the Authority's local (provincial) 
personnel; 

(6) Survey and study of the land and water resources in individxxal 
irrigation systems; 

(7) Preservation, improvement and development of the whole system 
of facilities for irrigation and reclamation, their maintenance, 
operation and repairs; 

(8) Organization and execution of water intake, distribution and 
transport of water to the borders of consumers' plots; 

(9) Removal of excess groimd water from the irrigated areas; 

(10) Investigation, prepeuration and execution of measures of 
reclamation against salinization, waterlogging and obstruction 
of the irrigation system; 

(11) Protection against damage of irrigation installations and 
facilities; 

(12) Organization and supervision of reconstruction of the existing 
irrigation canals and systems; 

(13) Minor irrigation construction and construction of operation 
service building; 

(14) Gradual introduction of mechanization of work on irrigation 
drainage and reclamation, in the operation and reconstruotion 
of the existing irrigation systems; 

(15) Control over the condition of irrigation and drainage systems 
and insteaiations, as well as over rational use of the irrigation 
water by the consumer farms; 
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Oxganisation azid establishment of plantations to meet irriga- 
tion requirements for timber^ and vind-break shelter beltsf 

Organisation of water measurement and means of oommunioations 
on irrigation systemsf 

Preparation of the main oadastral survey of irrigation and 
keeping of current irrigation oadastral surreys 9 as well as 
inventories of the systems of oax^ls and hydraulio structxiresf 

Recruitment I training and distribution of the engineering and 
teohnioal personnel 9 and conditions of their appointment and 
dismissal f 

Organisation of supply of the looal offices with building 
materials^ equipment 9 constxuction machineryi transport and 
communications facilities 1 etc* 

Organization of all<-round registration^ stock-taking^ accounting 
and financing in the Authority including its local offices| 

Inspection of maintenance ^ repairs and construction activities in 
the looal offices | 

Technical guidance in execution of minor irrigation construction 
and control over construction of water economy objects 9 carried 
out by subcontractors! 

Acceptance for operation of construction projects when carried 
out I 

Registration^ operationi replacement and construction of pumping 
stations for irrigation^ drainage and water supply | 

Organization and operation of a laboratory for analysis of samples 
of soils, sub-soils and water in the process of operation and 
reconstiuction of irrigation systemsi 

Research in the field of water eoonomyi 

Organisation of research, investigation and designing of reclama- 
tion work in the reconstiuction of the existing irrigation systems 
and developing irrigated agriculture, and also pastures) 

Preparation and submission for Government approval of annual and 
long-term plans of activities and measures in the sphere of 
irrigated agriculture! 

Preparation and submission to higher authorities of draft laws 
for water economy! 

Consideration and approval of designs, programmes and estimates 
for measures of irrigation and reclamation, as well as of other 
projects related to irrigation and drainage! and the submission 
of conclusions on projects put up for Government approval! 
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(32) Slaboration and approval of instimotiona, aothods, atatuas and 
pulaa, for the taohnioal operation of oanals and installationa, 
for tha aooaptanoe of oompletad projaots, for the reolamatlon 
aarrioe, oadaatral aurraya^ invantorlaa, watar usa, ato, 

(33) Convocation of oongraaaaa and oonfaranoas on tha problaaa of 
vatar aoonoay* 

For rational managamant of tha ooimtry'a vatar aoonomy, it is neoaaaary, firat 
of all, to study this aoonomy - tha existing, oant\iry-old, rich stock of large and 
small hydraulic installations and the lands no¥ cultivated. With this purpose in 
viev, it is requisite noir to engage in the operation, and, therefore, in the 
inventory, of irrigation systems, as well as of irrigated lands. 

Ibis problem and recommendations on it aredLsoussed in the paragraphs below. 
This is still more necessary because in Af j^ianistan there has never been taken any 
inventory of actually cultivated as well as irrigated lands, and no integrated or 
separate schemes of land and water reaotiroes use have ever been prepared. 

4* Operation of Irrigation System Sacothly organized operation of irrigation 
systems and proper development of irrigated lands are of great national importance. 
Only thus can irrigation be fully effective, with ample yields of agricultural 
crops, productive utilization of irrigated areas and ixrigation water, hi^ effective- 
ness of financial and material investment. 

Ihe absence of a government authority for water economy, and the present 
system of land ownership on irrigated lands, under which a considerable part 
of the lands and inigation canala are being used without proper central- 
ized and qualified state control, in no way contribute to effective use of water 
in agriculture. Ihe results to be aimed at include hi^^ and steady yields from 
irrigated lands, hi^^ efficiency of the irrigation systems, progressive increaae 
in fertility of irrigated aoila, prevention of hlgii ground water levels and soil 
salinization, hi^^er coefficient of use for cropped areas, normal water consumption 
per unit irrigated areaa, and good maintenance of canals and installations. 

All theae objectives depend to some extent on correct operation of individual 
oanals, as well as entire irrigation systems. The main operational tasks must be: 

(1) Uninterrupted intake of water from irrigation sources | 

(2) Timely conveyance and distribution of irrigation water among 
individual or collective water consumer a) 

(3) Conveyance of water to the plota according to the ^requirements 
of the various crops; 

(4) Drainage of excess water, to protect irrigated lands from water- 
logging and salinization. 

Like any machine, an irrigation aystem must work exactly, on correct timing. 
For this it must be in good order. 
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5» Rules of Operation The conditions of operation oan "be defined in rules | 
irhiob should oover the following! 

(a) The Bules for technioal operation of irrigated systems ooist 

define the system of water intake | oonveyanoe and distribution, 
priorities of reclamation services for the irrigated areas , 
keeping canals and installations in good working conditioni 
order of carrying out inyentories of the irrigation systems , 
the schedule of duties for the personnel of the irrigation 
systems I as well as the rendering hy them of qualified 
technical assistance to the consumers in the improvement of 
the irrigation of their plotsf 

(h) Rules must establish the dimensions | standards and quality 

specifications for the operation of the canals and installations, 
for the methods of using water by the farms for both irrigation 
and reclamation, and the procedure of conveying the water in 
the canals and distributing it to the consumers! 

(o) It is assumed that the Rules will be applicable to all the 

agencies engaged in agriculture, and to all persons concerned 
with the irrigation systems | 

(d) It is also anticipated that these Rules will be common for all 
the irrigation systems in the country; Supplements to them can 
cover the peculiaritiei^ of particular irrigation systems or 
individual major csmalsf 

(e) The Rules should also deal with the procedure of acceptance for 
operation of newly built irrigation systems or individual canals 
and structures, with a view to the immediate inventory, in 
appropriate terms, of a system, a canal or a structure as soon 
as built. 

Such contents of the Rules for technical operation of irrigation systems, 
provided they are strictly adhered to, will ensure correct and complete use of 
irrigation waters, and unfailing conveyance of water through canals and instal- 
lations, and will protect irrigated areas from damage, waterlogging, salinization 
and contamination with malaria. 

6. Inventories of Irrigation Installations The essential pre-requisite for the 
successful operation of irrigation systems will be knowledge of the current technical 
condition of a whole system, as well as of its elements} canals, structures and 
facilities* 

The necessary details can be obtained only through correct registration, con- 
sisting of a description of the constituents of a system - its canals and instal- 
lations, supplemented with principal technical and economical characteristics 
showing the condition of the system, its cost, and the estimated duration of its 
normal service. Such a registration, or inventory, of the irrigation systems, 
aiooording to practices established in many countries, is taken annually for compar- 
atively small systems, and periodically (every 5 to 10 years) for larger ones. When 
the inventory of a system is available and its registration is made, it beooMS 
possible to schedule correctly its running, renewals and maintenance, to outline 
research and building work for its reconstxuction, extension and technical improve- 
ment, and to determine other measures to be taken. When established, the izxventories 
of the systems should regularly be brought up-to-date. 
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To ensure oomparabl^ and suiuiarized registration data, the inventory of all 
types of irrigation systems should be oarrled out in strict oonf onity with general 
tabular forms and instructions, These documents shoiad be compiled by the Authority 
of Land and Water Use and coordinated vlth the Ministry of A^priculture as irell as 
with the statistical department of the Ministry of Planning. 

Technical inventory of the irrigation systems, if oanied out all over the 
country, irill take a long time, and vill reqidre an expenditure of special funds, 
and the training, specifically for this vork, of an extra nomber of specialists. 
Therefore, there should be established priorities for the ImplMMtatlon of this 
work irithin zones, as well as in the country as a nhole. 

Along with the inventories of the irrigation systems, registration and evaluation 
of all the irrigated areas will be carried out with their complete reclamation 
characteristics, taking account of their relation to the canals feeding these areas 
with irrigation water, dioh registration and evaluation shoiad be started at once 
in the basins of the Hari Sud, Kabul and Farah Rud, so that the plem^d irrigation 
development connected with the reorganization of the existing irrigation systems 
can be solved in an appropriate way in the process of preparation of the designs. 



♦ 
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APPESBIX III 
MEIPHQDS USED IN IHVESTIgATIONS A TLkmi 



1 • Data and Investigations In working out sohemes to use the water resooroes of 
Afghan rivers for future complete development of all branches of the national economy, 
the first task is the collection and arrangement of the necessary initial data. 
These data includes 

i) Maps on scales 1j500,000 - 1,000,000 to study the general questions, 
and on scales 1:50,000 - 1:100,000 shoning the present conditions of 
use of water resources to solve specific problems and prepare pro- 
posals. 

ii) Climatic characteristics of the districts examined. 

iii) General data about geology and soils in these districts. 

iv) Data of available water resources, including mean monthsly dis- 
charges, maximum and minimum discharges and preliminary data 
about sediment discharge. 

v) Data about present irrigation standards and conclusions on the 
prospective use of irrigated areas and irrigation standards. 

After the collection and arrangement of the data mentioned above, preliminary 
alternative schemes for the use of the water resources of various streams are worked 
out. )Qien the initial data are incomplete, then the minimum volxime of additional 
investigations is scheduled, and the possible alternatives are based on general 
conclusions. 

In the process of poreliminary work on alternatives, it is necessary to carry out 
on the basis of the data available, tentative estimations of the irrigation capacity 
of a river and of its potential power resources. 

Vhen the preparation of preliminary alternatives is finished, the reconnaissance 
hydro-technical investigations are oaxrxed, out. The task of these investigations is 
to check right on the spot the alternatives already prepared, to define the character 
and volume of additional investigations, and also to choose the most advantageous 
V€triant of the scheme. Therefore the group carrying out the reconnaissance invest- 
igations consists of I Hydraulic technicians. Topographers, Geologists and Soil 
Scientistsi the presence of an Economist is desirable. 

To reduce the volume of further investigations, those taking part in the recon- 
naissance investigations give their conclusions on questions: e.g. the Soil Scient- 
ists on soil conditions, the Topographers on alternative sites for dams and reservoirs 
and so on. 

The Dam Designer, analysing the local conditions, gives his conclusions about 
constructive solutions for the projects. Ihen all the questions curising in the pro- 
cess of investigations are specified, the final volume of investigations and the 
terms of their fulfilment is defined. 

At the same time as some parts of the investigations are being carried out, 
alternatives are prepared. 
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2* Sohemes of Irrigat ion Development The irrigation oapaoity of a river in 
heotares is measured \>y the proportion of its annual run-off to the average amiial 
nater requirements per hectare. The irrigation potential can he stated at three 
standards! 

i) Irrigation potential of the natural flows of a river. 

ii) Irrigation potential with seasonal control of the run-off. 

iii) Irrigation potential with over-year storage. 

The irrigation potential of a river at natural flow is determined by the crit- 
ical period, when the flows available are only just enough to meet the requirements 
of irrigation at the time. Under the Afghan conditions, only planting of wheat and 
barley provides the maximum potential of the rivers, since their maximum water 
requirements occur in spring, i.e. during the flood period on the rivers. 

Seasonal control of the run-off will make it possible to vary the cropping plan. 
With the seasonal lun-off control, the irrigation potential of a river is measured 
by the proportion of its annual run-off in a year of assumed probability to the 
average irrigation requirements gross per hectare. The estimated probability of 
irrigated farming, according to the experience in the Asian Republic of USSR, should 
be taken as 75%, 

The average irrigation requirements are defined from the graph of water require- 
ments in l/sec/per hectare on various alternative cropping plans. The average coef- 
ficient of efficiency of the system can be taken as 0,60 in the basins studied. 

The volume of seasonal control to be provided will be a minimum when the regime 
of irrigation requirements and the regime of discharge of the source of irrigation 
differ least. The irrigation potential of a river with over-year storage is measured 
by the proportion of its average annual run-off to the average annual irrigation 
requirements, gross per hectare. 

It is necessary to point out that in determining the irrigation potential of a 
river with seasonal and over-year storage, the run-off used in the estimations has 
to be reduced by the amount of the losses in the reservoirs. For the better coordin- 
ation of irrigation development with the ultimate prospective proposals in the scheme 
first of all the complete use of all the water resources of a source of irrigation, 
with over-year storage in all the necessary reservoirs, is worked out. Then of the 
complete works, according to the economical indices, the items of highest priority 
are chosen, and on these additional estimations are made. When the irrigation 
potential of the river is detea?mined, then on the basis of soil and hydrogeological 
maps the areas which can be irrigated are defined. On these areas, in accordance 
with soil-reclamation conditions, the project of the necessary technical measures is 
outlined. This includes: headworks on the river for water intake, main and distrib- 
utary canals, field irrigation system, drainage system, including collector drains 
if necessary. For the determination of quantities of work involved in the construc- 
tion of an irrigation system, the intake headworks, the main canals and a typical 
part of the distributaries are designed, and the quantities of work which they involve 
are determined. For the determination of quantities of work on field irrigation 
systems a typical plot is chosen which may be or 105& of the whole area. On this 
plot an irrigation system, and if necessary a drainage system, is designed with 
profiles and estimations of quantities of work? On the basis of these quantities, 
the specific indices of work per unit of area are obtained and then using the specific 
indices the quantities of work connected with the construction of a field irrigation 
system on the idiole outlined area are determined. 

* including land levelling, if necessary 
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The typical oross-seotions of irrigation ohaxiMls used vere in aooordanoe with 
the standards of design for irrigation systems voiced out in the USSR. The hydraulic 
estimations have been done hy the help of a slide-rule made hy Engineer V.F* Pojarkov 
in 1956* 

3. Water Balance Estimations and Estimations of Bun-off Control in Reservoirs In 
accordance irith the scheme of irrigation d6Teloi»iient moTked out, and the additional 
areas to he developedi the nater i^quirements of the irrigation system out of a 
river are defined at this or that point on its course ^ as appropp^iate, and either 
in mean monthly discharges or in volumes* 

These requirements defined are compared irith the available nater resources of 
the river, idiich have been ascertained in the hydrological part of the investigations. 
The water requirements and nater resources are balanced month by month and excesses 
and shortages are determined* Examples of this estimation are the nater balance 
estimations on the Hari Rud, Faxah Rud and Kabul rivers, given in Volume Y 
of this Report. It is necessary to point out that in vater balance estimations in 
conditions of uncontrolled run-off, the irrigation requirements in any assumed year 
must be less than or equal to the available vater resources of the river. In some 
months these may be deficits, but these deficits must not be more than 10-13^ of the 
lull irrigation requirements in the given month} in dry months the irrigation 
requirements will have to be reduced by the amount of these deficits. 

With seasonal or over-year storage, the excesses defined in the water balance 
estimations are stored in reservoirs, and the shortages are compensated by releases 
from reservoirs. 

With seasonal control, the run-off of the designed dry year (755t probability) 
has to be stored in reservoirs| in years of higher flow (jOjIi or 20^ probability) 
releases from reservoirs in excess of irrigation requirements are inevitable. 

Over-year storage is usually carried out not only in one reservoir but in 
several. In this, part of the reservoirs are for seasonal control, and the remainder 
€tre for over-year storage. 

r 

In the estimations of over-year storage, the total capacity required for control 
is divided into two components, for seasonal and for over-year use. 

The €UBOunt of the seasonal component is defined on the basis of a low year of 
75^ probability, and is equal to the necessary controlled volume in such a year. 

The value of the over-year component is determined by the following formula, 
proposed by the Soviet scientists M.P. Menkel and S. IT. Kritskijt- 

Vmuitiannual - ^ Tq where i 

Yomitiannual i» multiannual component of control capacity. 

^ « coefficient which is function of WoC** which is in its turn 

the ratio of the used run-off to the average annual run-off 
Cv ■ coefficient of variation of annual run-off 

P - the percentage of probability (see Glossary) 

To « average annual lun-off of the river. 
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For the determination of ralue of the ooeffioient ^(^"1 the authors of this 
formula on the basis of mathematioal statistics and theory of probability in vater 
control estimations have established a graph of the functional relationship 

- <P(oC, CV and ?)• The mm of the defined values of the seasonal and over— year 
components gives the complete effective control oapMityt- 

^ef fosterage " ^seasonal + ^over^year storage 

For the determination of the complete capacity of reservoirs^ it is necessary to 
add to the effective storage the dead storage | the amount of idiich is determined in 
.accordance with the conditions of silting over the estimated number of years ^ usually 
taken as 100. Thus multiplying 100 by the average annual volume of silting, gives 
the decui storage required in a reservoir. 

As mentioned above, the amounts of the complete capacity of various designed 
reservoirs differ* They are limited by the topographical, geological and economical 
factors in each case. For comparison of reservoirs, coefficient of controlled stream 
at the site of each reservoir is computed. This coefficient is the ratio of the 
effective volume of the reservoir to the average annual run-off of a river at the 
reservoir sitet- 

K - ^effective 

If coefficient K does not exceed 0.4-0.5 for any given reservoir, then it is 
possible to introduce it for seasonal control} at higher values of its coefficient, 
over-year storage is possible. An example of this is given by the reservoirs in the 
Eari Bud basin. 

The Assarassum and Salma reservoirs, nith coefficients of O.41 and O.40, provide 
the seasonal run-off control in the basin while in the reservoirs at Tangi-Shah and 
Tangi-Azao, where K is I.72 and O.96, it is possible to provide over-year storage. 

4» Design of Reservoirs and Bams In au^cordance with the results of investigations 
the reservoirs are designed. The type of the dam chosen is influenced by geological 
and economic factors. It is necessary to point out that in the conditions of the 
mountainous part of Afghanistan, where the run-off control will be more effective, 
the geological conditions axe extremely complicated. While most of the districts 
have comparatively weak seismioity, as the result of former tectonic activity, dis- 
placements of the mountain rocks have occurred, which have resulted in faults, in 
many cases along the river channels. Besides, there are no fine materials for the 
construction of impermeable cores or water-tight facings in the rook-fill dams, a 
type which is the most economical and resistant to earthquakes. 

For these reasons, the predominant types of dam here are the concrete-gravity 
dam, and, more rarely, the rook-fill dam with concrete facing. 

Because of the complicated geological conditions, light arch dams will not be 
widely used here, though some sites are suitable for them as far as topographical 
conditions are concerned. 

As can be seen from the hydrologioal fieport (Volume III), the 
figures most subject to error axe those of the maximum flood discharges, the value 
of idiioh influence the type and dimensions of spillway installations in the dams. 
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Taking into oonsideration the merely preliminary cheuracter of the data of 
estimated maximum ifater discharges, there are no grounds for the reduction of the 
assumed flood discharges to he passed. Therefore the spillway installations were 
designed for definite maxiiaua flood discharges as oaloulated in hydrological eetiai- 
atione, and did not take into aoooun't the eaounie of water iihlob oould be passed 
through the penetooks of pcpKT houMiiy ixslgK^,^ outlet • sb4 ^hear laatallatloBS 
of the dam. 

r^v^me peculiarity of the projects at reserroirsy espeoially of those without 
l4pe«sr «ta^MsS| is the neoessity to esi^Mlsh mptnAwSk.^-^aii^i^Mlm: tmm reserroirs fo(B; 
-^'ttw irrii^tiifin witer* 

The elements of such an outlet and its constructive design are to he determined 
in aooordanoe with the type of daa. In a ooziOTvts dsn the out^Iet is formed as two 
pipes built in the body of the dam, and controlled by gates. The dimensions of the 
; pipes must be such that they will provide for the passage of the reg,uired water 
discharge at the minimum water level in the reservoir. 

Taking into aooount the approximate nature of the estimationsy at this stage of 
planning the probable need of additional discharge capacity can be foreseeni this 
should he 5<^« In this case, even if one pipe is entirely closed, all or nearly all 
the discharges required can be passed, except in the one, month of maxioum demand| 
when only 75^ of that demand can be passed. 

The estimations of all elements of the project have been done in accordance 
with the stiiZKiaxds aooepted in. the USSR ^or the .^si£^i^ of hydroteohnio installa- , 
tions, j;^. .i>.-u 

5» Posts of Sohesws and their Economic Implications The abseaoe of experienoe of 

large-scale constiuction in Afghanistan and actual rates of constxuotion work oom" 
plicate the taidt pl d^pi>« t^. AOSjc, i.%0mmM^ ^UPt^latioQS J^B6^s^,190L th^n 
schemes. 

Therefore oosts were deteinined approximately on the basis of general oonolus- 

icais. For this reason, one of the main tasks of future investigations 
will he the study of construction experience in Afghanistan, and the collection of 
data ahout the costs of various kinds of work. It will also be necessary to collect 
data about the average prices of t£e main construotion materialsi and to coordinate 
them with the leading Ministries of the Boyal Oorement iJi^ Afghanistan. 3i«ilar 
d|kta will be re%uired for the definition of trag sp w gib aosttn 

The preparation of definite appraisals of the economic effectiveness of measures 
proposed in a scheme is oomplioated, as is the definition of the value of agrioulturs 
production to be expected after a scheme Yam been carried out. A method will have to 
be worked out to define the sgrioultiiral. p«9#uotioni|v;,^^ t^^loir fo^^ 
interest on investments. 

The solution of these problems will place in the hands of designers in the 
future stage reliable data for the determination of economical indices for the 
various parts of the schemes and will enahle them to select the most profitable 
solutions from the measures recommended. 
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